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DEPARTMENT OF THE NAVY
OFFICE OF THE CHIEF OF NAVAL OPERATIONS

WASHINGTOM, L/~ 20350 IN REPLY REFER TO

Ser-9 6/19 75

5 OC0T 1973

From: %:hief of Naval Operations
To: Distribution List

Subj: Ships Supply Support Study Report, promulgation of

Endl: (1) Ships Supply Support Study Report

1. Enclosiuze (1) forwards the report of the Ships Supply
Support Study, which was undertaken to define, develop and
propose an automated model by which supply support dollar*
outlays may be related t~o fleet capability.

2. The study has produced a series of computer programs
descrbed., enclosure (1) , which model the supply perfor-

mance of ships in the SIXTH Fleet'in such a way as to
ce-stimal'e the change in performance result--ng from changes
in inventory and processing resources. rhes, programs can
be used by elemelits of the support sys '1to investigate
proposed changes in methods Or levejls 0, 3UPPOrt.

3. In demonstrating the feasibility of the computer mod,-s ' -

and in analyzing data gathered for simuilation Pu,-rpoqlis, thq.
study group developed data to support several re~cvndat!-e.ns
tor Jiediatu improvement. Among these was er,~
ev;idence to justify implementing an-.extern ally '-developed
proposal for reducing the nuxder _-te-ChnijjCaj oVerride
items included in ships allowance ists It' i- considered,
of interest that the potent-ial fi-rst year savinqG~ ($21)
from this single recoituiinatioiiM more than 4ef ray tile
total expense of the study.

4. The recoimiendations in Chapi eIr vXiI ri ,7c not- bct imple-
mented iindiatoly. However, comrfinj are exicouraged to
take early action on rocorwrendat ions limited to aotivities
with-in the coimiand.. Conwunds. Yoeiif-ing to comtment on any
Of the~ roQituurtrdations may do so tQ 01P-41 within 60 days of
the dlate of this letter, after whdoi specif~ic ins trwotions
coverinq ear.hJ recommxendatiqr not already impe~ne will
be isstiad. (It shouljd be 'rotied that, ixj other action, thle
Vice Chief of Naval Operoati'ons hwi al'teay pzixtia limplmented Recorawndation 2 [vdretn ext(ention of~ S ~istod-
oloqy to aviation swipoxt for the SIXTH and SEVIIN'Th Fleets.)
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estimate the change in performance resulting from chianges
inl inventory and processing resources. These programs can
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proposed changes in methods or levels of support.

3. In demonstrating the fea.sibility of the computer models
and in analyzing data gathered for simulation purposes, the
study group developed data to support several recommendationis
for immediate improvement. Among these was persuasive
evidence to Justify implementing an externally developed
proposal for reducing the number of technir-' override
items included in ships allowance lists. it is considered
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total expenqsu of the study.
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1. INTRODUCTION AND SUMMARY

The Ships Supply Support Study (''), started in July 1971, is a part
of the CNO Study Program directed by the Systems Analysis Division (OP-96)
of the Office of the Chief of Naval Operations. Sponsored by the Material
Division (OP-41), the study has been executed by the Naval Sup~ly Systems
Cormmand (principally through the Fleet Material Support Offi.ce;, several
organizations within the Atlantic Fleet, the Maintenance Support Office
and numnerous other Naval and commercial organizations (see Appendix D).

The purpose of the study, as indicated in the Study Directive (see
Appendix A), is to "define, develop and propose an automated model by
which supply supp--t dollar outlays miay be related to fleet capability."
To make the study nor manageable and to reduce disruption of the
operating forces, it was limited to the general purpose forces of the Sixth
Fleet, less aviation. Thus, support of 7ircraft (but not aircraft carriers)
anci of ballistic missile submarines (but n~ot. other submarines) i excluded.
;n terms of commodities, the study is in t torparpartss and comn-
ponents needed for equipment maintenance (see Table 11-) and hence ignores
the supply of fuel, ordnance, provisions, clothing, medicine and housekeep-.
ing supplies.

The computor programs built during the study calculate three indicators
of performance oused -is surrogates for "fleet capability." Tfhese are:

Requisition response time the0 time elapsing between ashipboard
invchanic's request for a part needed in a corrective maintenance action
and the mechanic's recefpt of material.

Supply response time -~ the time elapsing between the mechanic' s
request and the receipt of all parts needed to complete a corrective
maintenance action.

Equipment operational availability -- the fraction of titi*. under
steady state conditions, that on equipment is capable of operation, even
though it may not be called upon to oiperate.

The relationships among these indicators are described in Section V-r.

For purposes i the study, Lhe material support system is defined
very broadly Ito include the ship's-storeroom. the part or component
mariufact rer, a-%d all the intervening organizations, including the
necessary coirwunication, tranlsportation, requisition processing, materials
haredling, and repal-for-qtock functions. Figvre 1-1 portrays :he major
supply levels and supply sources which may be in~volved in satisfying a
giveo Sixth Fleet end-use req~uisition. Not all levels are involved in the
satisfaction of a particular end-use requisition, chief'ly because (a)
most requisitions m!e satisfied in the first few levels and (h) routine
requisitions are not handled by those levels (ndnkfly, 11, IV, and VI).

actvatd ~l~l fr em .eic upoe satisfaction of NORS, ANORS,
or CASIREPT requisitio.1s.
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In the, computer simul-ators, described below, only eight levels, or
echelons, were simulated. These are! the ship's storeroom, the MATCONOFF
screening, the AFS, NEC Norfolk, and referral, backordering, spot-buying
and spot-repairino oy the inventory control point.

The current peoformance of the Sixth Fleet's marial support is a
function of t'he resources available - inventory, personnel, computers,
communication and transportation systems -' and of the operating doctrines
in force - replenishment rules, sailing schedules, flight frequencies,
hatching and scheduling rules. These are described in detail in Chapter
III dnd Appendix C. Further details are available through the Technical
Memoranda issued during the course of the study and indexed in Appendix F.

It is the job-of the computer programs designed and built during the
S study to model the Sixth Fleet's material support system as accurately
as time and available datapermit. The. major. outputs of the programs are:

o The gross supply availabilities attainable at each of.eight

echelons for each of 15 classes of material if specified inventories
are held at each locatiun.

o The time requir2d for a i iisition and the material rest'tting

therefrom tn complete the several iegs of their journey from tne mechanic
to the echelon having stock and back to the mechanic (i.e., the echeloti's
throughput time).

0 The requisition response time as the mechanic views it, given that

each echelon supplies a part of the mechanic's total needs.

The supply response time - the time required to collect all the
parts needed for a corrective maintenance action.

o The operational availability, or up-time, of a particular

nomenclatu-e of equipment based on the supply response time developed
above plus other characteristics.

Figure 1-2 displays the interconnections, flow of data, and general
outputs of the five simulators and analyzers developed in the study. The
Afloat and CONUS Inventory, Simulators require as inputs the demands imposed
on each echelon, the inventories available at each echelon and the policies
employed in s-atisfying der!.-.,n's and replenishing stock, The computer first
combines these inputs in a t,..am of 4ssue and receipt events covering
thoisands of items and several years and then analyzes the events to estimate
resulting inventory levels, resupply and issueaworkload, and gross supply
availability.

The Process Analyzer, using enginpered or estimated time standards,
models of requisition and material flow within an organization, and
various doctrines conicerning batching, scheduling, and transporting,
produces a statement of the probability that a requisition or material
will be completely processed through an organization in a specified time,

1-3
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ranging from 1 hour to 360 days. New probabilities can be computed in
response to changes in workload or organizational capacity. Where the
process cannot be modelled in detail for unavailability of data, existing
reports can be analyzed or special studies made to deduce throughput
probabilities directly.'

The Synthesizer combines the outputs of the Inventory Simulators and
Process Analyzers to produce estimates of (a) the distributicn of
requisition response time, (b) workload (issues, receipts, orders, and
items carried), (c) inventory levels and (d) average, -incremental, and
marginal costs.

The distribution of requisition response time, transferred manually to
the Converter, is used in simulating corrective maintenance actions on a
particular equipment to construct an estimate of supply response time.
Other necessary information, including a profile of an equipment's main-
tenance actions, its average time to repair and its average time between
successive failures, is obtained from the 3M Data Collection System either
directly or through special studies. The final output of the Converter is
the operational availability, or average up-time of the equipment and the
change in up-time that would result from a change in supply response time.

A detailed description of the operation of each computer program is
containd in Chapter V; the mathematical basis for the programc is
included in Appendix C. The assumptions on which the programs are based
are discussed in Chapter IV.

Once the computer programs were built and running they were used to
conduct a series of analyses and experiments to:

Demonstrate the kinds of problems that can be illuminated with the
tools developed during the study.

o Supply answers raised by potential users of the computer programs.

o Develop a basis for further detailed analyses in specific areas of

supply support.

These analyses and experiments are the subject of Chapter VI.

The first analysis involved sy~timatically changing gross supply
availability and throughput time associated with each connodity at
each echelon to estimate the effect on requisition response time, which
currently ranges from 5 to 33 days, depending on conmrdlty. The analysis
concluded that:

o DSA managed items have the shortest response times, APA items t e

longest, and NSA items internediate response times.

"There is a close inverse correlation bpt,-*ven current response tine
and the improvement in response timfe -e ul t.ng from a one percentage

point increase in gross supply .avaabi li ty.

.(



Generally, a one-day improvement in througnput time at the
mobile logistic support force and stock point echelons has a greater
impact on response time than a one-day eecrease elsewhere.

The second analy,-is systematically varied mean supply response
time from zero to 120 days, noting the effect on equipment operational
availability, given current values of mean time between faiiure and
mean time to repair. The 38 electronic equipments analyzed were
divided equallyinto three classes:

o Those so highly reliable that any change in mean supply
response time would have virtually no effect or, operational availability.

o Those so unreliable (i.e., with such a short mean time between
failure) that nc reasonable reduction in mean supply response time
could pull the operational availability above 50 percent.

o The remaining equipments, for which changes in w ean supply
response time have a noticeable' effect on availability.

Seventeen specific experiments were run to predict the performance
consequences of proposals made during the course of the study by various
persons and groups, including an S4 Users' Conference. For some of the
experiments it was possible to estimate many of the dollar costs or
savings associated with the proposal. For these and for additional
proposals resulting from analysis of structural and performance data
acquired during the study, the potential costs and benefits (both
positive and negative) are summarized in Table 1-1.

The study group does not recornnend that all proposals be adopted.
Some are clearly inefficient; others may be unnecessary at this time.
Even many of the attractive ones should be reviewed thoroughly before
adoption for these reasons:

o There may be idden spillover effects or externalities.
Additional spillovers within the realm of supply operations the study

A: group would probably have estimated in a more extensive, time
consuming analysis. The more serious externalities involving such
things as ships' performance and task force operations lie beyond
the competence of this study group to calculate.

o Constraints (floors and ceilings) may prevent or at least
delay the adoption of an apparently worthwhile idea, Somi f these
are technological, political or social, 'lost are fiscal. Lack of
funds in an O&M,N account may block execution of a proposal to save
large sums o, money in a material purchase account, and vice versa.
On the other hand, a relatively high level of funding in an account
may remove the necessary motivation to reduce total costs.

1-6
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The report of experiments in Chapter VI and the analyses of performance
data and current doctrines in Chapter VII lead to the recomr'dations in
Chapter VIII, which can be divided into two groups:

'Those which should produce immediate or rear-term improvement in
performance or reduction in cost of operating of the Navy's material
support system.

° Those Tntended to enlarge the scope of the models developed in
the current study, to imbed these models and their outpvts into the
Navy's planning, programming and budgeting system, and to make available
to supply and operating personnel at all echelons in the Navy a logistics
laboratory in which to predict the ultimate performance and cost conse-
quences of proposed changes in the material support system.

' .~- *. ,.



11. PURPOSE AND SCOPE

A. Purpose

i qeneral objective of the study, as indicated in the Study
l:rective, Appendix A, is to "def~ne, develop and propose an automated
model ty which supply support dol lar outlays miay be related to fleet
capabilIi ty.'" The Study Directive spec,-ifies the study product to be
a mechanism or procedure which can be used (1) to report to the CNO
"the readiness of fle~t units (from a supply support standpoint) and
tro monetary expenditures required to maintain or adjust these levels
of- readiness," and (2) to "justify and allocate budget dollars to
supply support" in the course of the Navy's annual Planning-Proaram-
ming-Budgeting System. In addition, the Study Directive indicates
that t"_e study "will result in a new OPNAV direc 'ive for the manage-
ment- of secondary items."

The Study Directive suggests that the elements of supply support
should be broadly defined and should encompass requisite transportation
and -Qi:Pnni cation systems as well as those resou-tes -~inventories,

pero~i~~i copuers an maeral handling equipment.,- usually asoci-
ated with a supply system.

ATheP Stucdy Directive prescribes tw measures of fleet supply
;-ipabillty - cNqipnent operational ava lability and mean supply
respon-se tiwi , i>,e former is the fraction of time a given equipment
or weapons !.ystlen is operational. One of the factors in determining
operational availability is mean supply response time -the time
required ',(,requisition and assemble all the parts needed to complete
a correctivevmaintenance action. A third measure 'frequently used
in the Study is mean requisition response time - the tme required
to yeat a singlo oart into the mechanic's hands.

M, derignt~1 the "automated model" referred to ;n thep study otrective
can be used t,4t only for the specific purposes of readiness repo; i;.q
and budget j- t , Hfion but can also serve as a general purpose labo-
ratory int '00hi~ wide variety of policy proposals and procedural rules
can be tested, The automated model , which consists uf a series of
simulators and an~yzers, can, for example, answer the following
questions z~

What woold happen to requisition respot-se time (or operational
avai I abi ky of t7 particular equipment) if the depth of each iteir in
the Cordiriat(d Shoboard Allowance Li!bt (COSAL) were cut by a

lpcfi .' percent?

_S,-would happen if the mobile logistics support force were
r~ie.,d all ilt end-use requisition processing functions?



What would happen if all requisitions for material managed by the
Defense Supply Agency were submitted directly from the ship to the
appropriate Defense Supply Center?

o Whet would happen if the stock range in the COSAL were increased
25 percent?

o What would happen if the l1Ps' material budgets iere increased
50 percent in one year?

o What would happen if the staffs at Naval Supply Centers were
permanently increased (or decreased) by 500 personnel? Would this
cost more or less, in the long run, than above?

o If requisition response time were cut in half, how much would
operational availability be increased?

A by-product of the study effort has been the training of a group
of personnel, concentrated largely at the Fleet Material Support Office
and Maintenance Support Office, in many of the details of Navy supply
and transportation, particularly at the Fleet echelons. This training,
combined with knowledge of operations research techniques, access to large-
capacity computers and their supply data banks, and an intimate under-
standing of the methodology and computer programs developed in 91,
makes the group peculiarly suited to answering questions of the kind
listed above and to conducting research in areas of supply system design
and resource allocation.

L. p!

The study addresses all General Purpose Forces, except Aviation.
Both to simplify administrative and data collection problems and to
demonstrate the feasibility of making forecasts covering a subset of
the entire Navy, the locus of the study has been the Sixth leet and its
organic and external supply support. Further to simplify data collection
problems and reduce computer running time, only a sample of Atlantic
Fleet ships has been analyzed; those selected are representative of the
entire fleet. However, the simulators and analyzers have been dosIaned
so that with slight modification data from another Fleet or the Navy as
a whole can be st' Kd,

The supply of both NSA and APA material is analyzed in the study.
However, attuunition, fuel, aviation parts and components, personnel
related items and housekeeping supplies are not considered.
This om!,sion is not intended to imply that the conmodities are unim-
portant to the support of weapoi-s systems or the personnel who man them.
However, distribution systems for anviunition, fuel, provisions, medicine,
and clothing are highly specialized and have been the suoject of numerous
studies and investigations; another study would add little if anything
to the understanding of problems associated with janagement of these

I



inventories.

A description of the commoditles embraced L1 S" is contained in
Table Il-1..

DEFINITIONS OF COGNIZANCE SYMBOLS

DESCRIPTION OF COMMODITY COGNIZANCE SYMBOL MANAGING ICP/DSC

Electronic Parts - NAVAIR Equip 2G
Electronic Parts - NAVELEX Equi~p 4G Electronics
Electronic Parts - General IN Supply
Electronic Parts - NAVSHIPS Equip 2N Office
Elect-oric Parts - NAVORD Equip 4N)

Ordnance Material - General 1A
Ordnance Material - NAVORD LEq Ui p 2A Ships PartsI
Ordnance Material - NAVAIR Equip 4A Control Center
HM&E Panrts 1H
HM&E Co-mponents 2H
Surface Missile Parts 2U

Corstruction Material *9C & CX Defense Coistruct. SupCen
Gene~ral Material, Defense *9G & AX Defense General SupCen
Electronic Material. Deese *9N & TX Defense Elec. SUpCen
Indu3 .:ial Material D9 K efense Indust. SupCen

Part Numbered Material PN N~one

*That portion of the Inventory locally managed by NSC Norfolk is
designated 9 Cog.

TABLE 11-1

The study does not look at trade-offs between supply and the other
factors of production that produce ready ships. Thus the effects on
ship re~idiness of nmo.re (or less) supply vs., more redundancy vs. higher
reliability and mairtainability vs. more maintenance are not addressed.
However, the data and conclusions produced by thi- 'judy may provide
-- fu inputs to thesre other trade-off studies.

Regarding personnel resources, the study consideIs only the effectI
of quanti tative changes in personnol on requisitioning, purchasing, and
issuing throughput times; it does not address the irnediate consequences
of qualitative personnel chdnges. For example, no tool produced in theI
study will forecast the increase in ; pply aalbl~ caindb
hiring more capable or larger, numbers of versonne7Ori the other hand,
if supply availahility Improvenent can) be projected by another method,I
the techniques developed -in this study will estimate the change in
response time and operational avail abil1ity.
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III. DESCRIPTION OF MATERIAL SUPPORTSYSTEM

The simulators and analyzers built during the course of 91 are
intended to represent the material support system of the Sixth Fleet
with sufficient realism and detail to reproduce the current performance
of that system with current resources and to estimate the consequences
for performance of changes in resources. A first st,. in accomplishing
these ends is an understanding of the current support system.

This chapter describes the operation of thp Sixth Fleet support
systems for technical material -- those commodities listed in Table
II-1. For purposes of this study, the material support system is
defined very broadly to include the ship's storeroom, the part or
component manufacturer, and all the intervening organizations, includ-
ing the necessary communication, transportation, requisition processing,
materials handling, and repair-for-stock functions. The first major
section describes tuis system structurally in terms of the organizations
involved, the flow of requisitions and material, and the schedules on
which requisitions and material are supposed to flow. The second section
describes (where appropriate and available) the workload imposed on each
element of the system, the resources available to process that workload,
and the performance of each element in terms of how much material it
supplies and how fast it processes or handles the material. A f'nal
section addresses overall system performance.

A. Structure

Figure 111-1 portrays the major supply levels and supply sources
which may be involved in satisfying a given Sixth Fleet end-use
requisition, That all levels portrayed in :Figure 111-1 are not
involved in all requisitions is due to the following,

0 The requisitioning process ceases as soon as material is found;
this may occur in one of the first few echelons.

0 Certain echelons are employed only fur CASREPT or other emergency
requisitiors; specifically Levels I, IV, and VI are bypassed except
for emergency requisitions. Level V! is very rarely used. Level II
is limited to high priority requirements which the ship's supply
officer is reasonably certain can be supvflled by a n-K-Y ps ,. v -
IV is to be Pmnly. - " ... y Ifr requisitvons related to NORS (not-
operationally-ready-supply) ANORS (anticipated NORS) and CASREP (casualty
report) .*

Level III is bypassed unless the requested item appears or, the AFS
load list (FILL).

YCON 'SU 'VT Uff ff f R-S F "A MS'Q'-12-O_'80Y Y W6 r i 'I 97I Y ...... .. .
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o Some actions are mutually exclusive. Thus only one activity at
Level VII through XII supplies a given item, depending on cog symbol,
materidl control code, and absence of FSN (Federal Stock Number).
Furthermore only one of the actions depicted in Levels VII though XII
is executed on a giver requisition.

o if the item cannot be assigned a Federal Stock Number by the ship,
then the requisition skips levels I, III, IV, and VI. Its journey
through other levels depends partly on NSC, Norfolk's ability either
to locate a stock number or purchase locally.

o Availability in Levels VII through XII must total to unity since
they represent alternative means of satisfying a given requisiticn. The
method selected is the one which appears to provide the best combination
of cost and speed of response in a particular case under current constraints.

1. Fleet Structure and Flows

The next several figures depict details of requisition flow within
the responsible Fleet support organizations. Figure 111-2 shows the flG
of an end-use requisition from the mechanic's statement of need to the
postal system or the fleet communication system. The flow is character-
istic of a mechanized ship such as the aircraft carrier, USS Independence.
On a ship without computer or EAM facilities available to the Supply
Department a manual form of the single line item requisition (DD Form
1348) would be prepared for mail transmission; probably a paper tape
would not be prepared for electrical transmission.

In rare instances, when an item is not available aboard ship,
cannibalization, fabrication, or jury-rigging will be considered -.U,d
employed.

The form and destination(s) of the message requisition depend or
the urgency of the failure and the potential availability of stock:

If the equipment failure involves a NORS, ANORS, or CASREPT, as
prescribed in COMSERVFORSIXTHFLT message 1208O4Z of April 1973, the
requisition will be addressed concurrently to the Naval Supply Center
.(NSC) Norfolk and the Sixth Fleet Naterial Control Officer. (In a few
restricted cases, the ship can query others in cot'pnay).

o If no emergency is involved and if the item is carried on the
Atlantic Fleet's Fleet Issue Load List (FILL), the message is addressed
to the Fleet Issue Ship (AFS).

If neither of the abov conditions exist or if the AFS indicates
it has no stock, the requisition goes div ctly to NSC Norfolk.

111-3
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The divergence of requisitions according to conditions is illustrated
in Figure 111-3, which shows the general flow of requisitions within the
Sixth Fleet.

As indicated earlier, the physical transwission of:requisitions is
accomplished by mail or Naval message. Mail may be dropped at or flown
to a Mediterranean port (preferably Rota, Spair; Naples or Rome, Italy;
or Athens, Greece) where it immediately or eventually enters the U.S.
Postal Service. Or mail may be-transferred to anether ship headed for
port. Messages destined for CONUS are transmitted (a) from the requiring
ship to the ship in company responsible for communication, (b) then to a
transmitting station :; the Mediter-anean coast, (c) to a receiver at
NAVCOMSIA, Norfolk, and finally (d) .o the ASC communication center.
Messages destined for other SixMth Fleet components are routed through
communicatiQn ships.

Material flows within the Sixth Fleet are both varied and complicated.
With two exceptions almost every transfer o' material from one ship to
another involves moving the material to the Mediterranean coast. (The
two exceptions are the transfer•:between ships in company and from an
AFS during an underway replenishment.) If neither the issuing nor
receiving ship is in port, the steps in the transfer usually embrace:

o Transfer to nearest aircraft carrier by helicopter or by coming

alongside.

o Transfei to port by COD (carrier -n-board delivery) aircraft.

o Transfer to port nearest receiving ship by truck, aircraft of the
JR-24 squadron or, occasionally, of the Military Airlift Command.

o Transfer from port to nearest carrier by COD aircraft.

o Transfer to requiring ship by helicopter or by coming alougside.

Processing of end-use material received aboard the USS Independence
is portrayed in Figure 111-4.

Most requisiti oni and transportation processes in the Sixth Fleet
do not operate on i predetermined schedule but flow free in response to
demand and available resourcev. For instance, requisition processing
and message transmiv, ,ion aboard ship operate on a 24 hour basis. On
the othor hand, the Material Control Officer transmits status request-
to all Sixth Fleet ships once a day and selects qonsignors from among

- those responding affirmatively.

As far as is known, the transportation system in the Mediterranean
generally does not operate on a fixed schedule. Exceptions are (a) the
AFS, which resupplies each ship once a month, (b) AOE/AORs, which resupply
ammunition and fuel every three days and may transport repair parts and

1I1-5
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receive retrograde cargo and (c) Military Airlift Conmand cargo aircraft,
which complete at least a specified minimum number of flights weekly between
Norfolk, Rota, Naples, and Sigonella..

Although the modelling in S4properly concertrates on supply of the
shipboard mechanic's end-use requirement, it is obvious that supply
cpability would rapidly degrade if it were not for resupply of the
ship's storeroom and the AFS. A complete cycle for resupply of the AFS
from CONUS and the resupply of combatant ships is shown in Figure 111-5.

Note in Figure 111-5 that the material resupplied to using ships
d,ring the 9th to 24th day of month 3 is that which was requisitioned
(a) by hard copy requisition transferred to the AFS during the replen-
ishment in month 2 or (b) by message transmitted to the AFS in the 29
days prior to the resupply in month 3, on the day the requiring ship's
stock hit its reorder point.

For items not carried or not available on the AFS, the requiring

ship submits resupply requisitions directly to NSC Norfolk.

2. CONLIS Structure and Flows

Figures 111-6, 111-7, and 111-8 display the decision rules applied
in processing requisitions at NSC Norfolk, the Electronics Supply Office
(ESO) and the Ships Parts Control Center (SPCC) in terms of decision
points and branches.

Processing at the Defense Supply Centers (DSC) is similar to that
at ESO or SPCC, except that a OSC does not manage items subject to
depot repair.

Figure 111-9 contains the flow of requisitions within NSC Norfolk.
The fluow in an Inventory Control Point, such as ESO or SPCC, or a DSC
is considerably more involved and hence not easily displayed. In
general, however, stock-numbered requisitions go directly to the com-
puter, where many are processed to the point of preparing a referral
or, in the case of a DSC, a material release order, directing a stocking
activity to issue.* Only if there is a shortage of ready-for-issue
material or a restriction of issue is the requisition forwarded to the
Stock Control Division for manual action. In the event a technical
problem arises such as assignment of a stock number or determination
of obsolescence or substitutibility, the roquisition will be sent to the
Technical Division; in the event the:rc i-, no issuable stock, to the
Purchase Division. Of course, non-stock-numbered items must be sent
to the Technical Division for identification and.then to Purchase for

*Fo exmpl, 2 prcet o sucknumere rquiitinsreceived by ESO
are handled completely by computer. In the case of IN material this
figure rises to 54 percent.

III-7
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procurement, if identification is unsuccessful.

Requisitions being processed at NSC Norfolk advance to the next
processing station once an hour until thc, arrive at the computer.
Here they are batched as indicated in Table Ili-i IPG I requisitions
are processed on an average every 3 hours, IPG II daily at 0500. IPG III
requisitions are held in the computer until (a) the warehouse force
requires more work, (b) the requisition has been in the computer one
week (or for activities infrequently visited by cargo ships, two weeks)
or (c) enough material has accumulated to fill a container, whichever
occurs first. Beyond the daily consolidation within the computer, the
only consolidation of IPG I and II requisitions occurs when several
small items are consolidated into a mailable carton. IPG III material
not mailable is stuffed into Seavans.

If packed material is oversized, overweight, hazardous, or for an
AFS resupply, it is sent by military transport; otherwise, it ;s sent
by mail. The IPG of the requisition determines specific carrier and
service as follows:

IPG Mi'litary Carrier Mail Class

I Military Airlift Comnmand (MAC) Air Parcel Post (APP)

II Military Airlift Command (MAC) Military Ardinary Mail (MOM)

Ii! Milita, , Sealift Cormiand (MSC) Surface Parcel Post (SPP)

NSC Norfolk transfers mail at least twice daily (more often if
volume warrar. ;) to Guneral Post Office Norfolk, It transfers material
four tinies daily to MAC teryninal, NAS Norfolk for Rota/Naples/Sigonella.
Material for MSC ships is stuffed in Seavans and transferred to Norfolk
International Terminal.

Mail leaving NSC Norfolk generally follows this path:

NSC Norfolk, trucks mail to General Post Office Norfolk, where
it i sorted for FPO New York or FPO San Francisco,

o FPO New York mail is trucked six days a week to the Postal Con-
centration Center New York where it is sorted between s-irface and dir
and by conmand.

..............1.* .



AUTODIN-COMPUTER 1INPUT SCHEDULE

A. NSC Norfolk

1. Pickup in AUTODIN terminal room - every hour on the half hour
2. Computer Input-

HOUR WEEK DAYS SATURDAY & SUNDAY
IPG I IPG II IPG III IPG I IPG II IPG III

0500 x x
0600 x x
0800 x X
0900 . x
1000 x

1200 x
1300 x
1400 x
1530 x
1830 x x

3. Pickup from computer room - 3 hour, after entry into computer for
IPG I and II; 22 hours after entry for iPG III

4. AUTODIN Transmission - within 15 - 30 minutes after computer pickup

B. NSC Oakland

Priority 1 requisitions are hand processed at once; Priority 2 and 3,-equisitions are machine processed every other hour. The seven day a
week mechanized processing schedule for IPG II and III requisitions is:

I. AUTODIN Pickup - OO0
2. Computer Input- 0400
3, Computer Pickup - 0830
4. AUrODIN Transmission - 0920

The computer is down between 1830 and 2030 for Planned Maintenance
C. Electronics Supply Office

1. AUTOD!N Pickup - every hour on the hour between 0600 and 2400

2. Computer Input - 25 minutes later
3. Computer Pickup - 5 minutes after input
4. AUTOIN Transmission - 30 minutes after computer pickup

0. Ships Parts Control Center

1, AUTODIN Pickup (weekdays) twice per hour, on the hour & half hour
2. Computer Input- 20 minutes later
3. Computer Pickup - 5 minutes after input
4. AUTODIN Transmission - 5 minutes after computer pickup

During weekends & holidays, requisitions are processed as they arrive.
Ten per, ent of the requisitions arrive by means other than AUTODIN.
These are inputed to the computer at once. The computer is down durinj
the second shi. t Thursday; the AUTODIN terminal is down 3 hours during
the second shift Tuesday.

1 -1TABLL AII-I, 111-14
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Surface mail is trucked to Army Terminal at Bayonne, New Jersey,
whence it moves to Naples by ship. Te entire trip (Norfolk to Naples)
is said to take 30 to 45 days.

Air mail (including Air Parcel Post, Military Ordinary Mail and
First Class Mail) is trucked to Kennedy International Airport for the
next available flight to Madrid, Barcelona, Nice, Rome, or Athens.

From th.e Meitr;e ~e l pcrtF Ank:rAAtin +hn m~il ic
moved to Rota or Naples by truckor train.

Material leaving Norfolk via the Military Airlift Command is flown
direct to Naval installations at Rota, Naples, Sigonella, and Athens.

Regardless of how material arrives at one of the above points,
it is transported to the requiring ship by COD aircraft or by ship

or is held for the return of the ship to port.

In the event that NSC Norfolk cannot satisfy a demand for a Navy
managed item and must refer it to ESO or SPCC, NSC Oakland is the most

likely source of material. (See Table 111-8.) NSC Oakland's firm policy
is that IPG I and II mailable items move by air mail to FPO, New York;
IPG III by surface parcel post. Non-mailable IPG I and II material is
delivered to the MAC aerial port of embarkation at Norfolk via QUICKTRANS,
the Navy's contract air freight system. In fact, since most Navy stock
points lie along the QUICKTRANS air route or its truck extensions, effec-
tively all IPG I and 11 non-mailable requisitions for the Sixth Fleet
should move by QUICKTRANS or QUICKTRANS-truck combiration to APOE,
Norfolk.

On the other hand, if the request must be referred to a IS2 for
action, it may move by rail or truck tn APOE Norfolk, especially if it
is IPG 11. Th,,. conclusion is based on two analyses; the first is a
study* indicatitiq that Defense Depot Ogden, Utah (the most likely issue
point for the material under consideration) moves 30 percent of its

IPG I and II issues by air parcel post and 1 percent by air freight, the

secod is a recent review of 20,000 issues made by Defel,,s Supply Centers

to Sixth Fleet ships, which showed that about 1/3 of th issues moved by

air parcel post, 1/3 by military ordinary mail , 4 percen, by air freight
(including MAC) and less than 1 percent by QUICKTRANS.

TL *4tr-iLto and.t re~ferral o rI he schedul ing of -.,,lc,,\ o, .. . ... ...

preparation of the DO Form 1348 is revealed in Table 111-1. All Navy
stock points using the Uniform Automatic Data Processing System follov
basically the schedule shown for Norfolk and Oakland. Requisitions and

material in all other Navy controlled operations advance to the next

;an ta tion Movemenlt n'a b o-n~ocl'ty. iwsa
F-129), May 1971; Defense Supply Agency
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step every hour or two, at least during the work day. Virtually all
logistics communication within CONUS is conducted over AUTODIN (Automated
Digital Information Network).

The Military Airlift Command is required to provide the following
minimum service to the Navy:

Channel Monthly.Space Assignment Freguency

Norfolk-Rota 300 short tons Every other day

Norfolk-Naples 250 3 flights/wk

Norfolk-Sigone'lIa 60 2 flights/wk

The QUICKTRANS system provides scheduled service six days a week from
Boston to Pensacola and from Bremerton to San Diego as well as cross-
country service via Indianapolia and via the southern United States.

Although each individual segment of the Postal Service operates on
a fixed schedule, there is no overall schedule governing delivery from
CONUS points to Rota, Naples, and Athens. Nevertheless a reasonable
schedule for air parcel post might look something like this:

Mail leaves NSC Norfolk or Oakland 1700 Day 1

Mail leaves San Francisco airport 2400 Day I

Mail leave- General Post Office, Norfolk 2200 Day 1

Mail arrives Postal Concentration Center 0700 Day 2

(PCC) Brooklyn from Norfolk

Mail arrives Air Mail Facility (AMF), 0800 Day 2

Kennedy Airport from San Francisco

Mall arrives AMF from PCC 1500 Day 2

Mai' . leaves Kennedy International Airport 1800 Day 2

Mail arrives Madrid Airport 0400 Pay 3

Mall arrives NAS Rota 1800 Day 3

Mail arrives Rome Airport 0600 Day 3

Mail arrives Naval Station Naples 1400 Day 3

III-16



The above schedule would also be applicable to military ordinary mail
(MOM) and First Class parcel mail from Norfolk since all classes are
trucked to the PCC. On the other hand, at least 4 days must be added
for, surface transportation of MOM from the West Coas.t.

B. Workload, Resources, and Performance

k The processing of requisitions and movement of material described
i Section Ill A must, of course, be conducted by specific activities
and co moanies. The collective performance of these organizations will
determire how well (specifically, how fast) the processing of requisi-
tions and material occurs. Individual agency performance, in turn, is
a function of the workload imposed on the agency and the resources at
its dispos.al. Quantitative description of the performance, resources,
and workload of each stocking echelon and each cornunication, trans-
portation and processing activity is the subject of this section. Where
appropriate, the costs (such as salaries or tariffs) an activity must
pay for serv!ces are included.

Performance is the output of a system as seen from the viewpoint
to the system',. customers. Workload, often employed as an 'indicator
of performance, is a poor measure because, somehow, all the work loaded
onto a system is eventually finished. The customer assesses performance
not on what was done but on the manner in which it was done, the accuracy
and quality with which it was done, and the speed of accomplishment.

In 84 two measLres of performance are attached to each supply echelon
holding stock -- it,., gross supply availability and its throughput time.
Gross supply availability is the number of requisitions satisfied from
stock divided by the number of requisitions received by an echelon and
is intended to represent the echelon's ability to satisfy demands rela-
tively quickly from available inventory. The "echelon" may consist of
a single point, such as NSC Norfolk, or the entire wholesale echelon of
stock managed by an ICP or DSC. Throughput time for an echelon is the
length of time elapsing Orom a mechanic's request for material until the
material is made availabll, to him from the echelon. This section will
generally not contain thrcuput-time data but will instead indicate
processing times for selec,'ed steps in requisition coeinunication and
processing and material haniling and movement, Processing time is the
calendar time required for a requit.ition or material to complete a leg
on its joorney from mechanic to supplier to mechanic.

1. Sixth Fleet Ships

Table 111-2 contains the COSAL (Coordinated Ships Allowance List)
inventory for selected ships as if June 1971. The ships listed are those
included in the S4 Fleet Simulatcr, to be described in Chapter V. The
table also shows the total number of deniands placed on each ship's store-
roan annually for the connodities investigated in S"* and the range of
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SANIPLE SHIP INVENTORY, DEMAND AND AVAILABILITY

GROSS SUPPLY 3

HULL NUMBER INVENTORY IN DOLLARS' DEMANDS IN STOREROOM 2 AVAILABILITY

DD 692 $ 415,355 '958 49-60%
DD 709 276,984 2348 42-69%
DD 715 261,598 2503 44-82%
DD 822 219,074 2133 41-66%
DD 862 313,976 2653 38-60%

DD 933 305,473 2608 42-67%
DDG 10 723,556 5111 53-77%
DDG 35 881,343 6014 55-71%
DE Ir21 165,298 1848 11-55%
DLG 16 1,133,004 5660 61-76%

CEG 4 719,882 2284 8-65%0
CG 10 2,025,745 8689 57-75%
CLG 7 687,703 9849 50-73%
CVA 62 N/A 1525 N/A
CVA 67 N/A 2572 N/A

AE 17 173,492 858 21-69%
AO 109 152,332 895 40-69%
AO 147 250,242 1072 21-65%
AOE 3 N/A 2100 53-75%
AOR 2 348,834 1846 58-90%

LKA 117 347,-36 1137 49-88%
LPA 249 370,484 2738 39-82%
LPD 4 273,601 2554 49-87%
LSD 25 145,091 1289 36-71%
LST I 1175 142,909 884 24-81%

PG 93 66,413 262 55-100%
SS 416 324,969 569 18-29%
SSN 607 1,195,638 860 20-100%

1. As of June 1971, Source: ACCESS, Report 7

2. As o June 1971. Source: 3-M Data

3. Minimum and maximum nonthly values for the period January 1970
thro igh May 1971. Source: ACCESS, Report 7: Includes all demands, not
just those reported as relati to specific equipment.

TAILE I11-2
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gross suppl- availabilities for-the ships.

The fol )wing marginal costs have been estimated by discussions with
knowledgeable shipboard personnel:

" Cost to replenish stock (including receipt): $1.36 for mechan'ized
ship, $2.10 for others.

c Cost to requisition for direct turnover (including receipt): $0.96
for mechanized ship, $1.70 for others.

. Cost to issue per line item issued: $1.01 for mechanized ship,
$1.29 for others.

Inventory holding cost: 12.5% per annum of value of material held.

These cost figures to do not imply that, for example, the annual account-
ing costs assigned to the ship will rise by $1.01 if one additional demand
is placed on the storeroom annually. In reality what happens as demands
increase~is that either (a).personnel work harder or longer hours or (b)
the time to complete an issue increases. This situation continues until
persorinel :apacity reaches a limit or until service degrades to an
intolerable level.. At this point, additional personnel must be hired.
Their salaries (including fringe benefits) averaged over the additional
workload should yield the unit marginal cost figures cited above,

Virtually. no recorded data are available on the total time (from
mechanic's request to issue of materialto mechanic) needed for a ship
in the Sixth Fleet to respond to an end-use demand. Based on responses
from -'eet personnel (COMSERVRON SIX Msg 031544Z of December 1971) and
from individuals familiar with fleet supply operations it is estimated
that from 2 hours to 1 day are required to issue material aboard ship
and that 2 days are required to acquire material from a ship. in company.

Communication times for IPG I and II requisitions from Sixth Fleet
ships to NSC Norfolk are as follows:

Message Mail

From requisition preparation to transmission 31 hrs.

From transm" sion to receipt, NSC Norfolk 13 hrs.

Total 44 hrs. 8.4 days

Percent going by each mode 53% 47%

2. Fleet Issue Ship (AFS)

The sales from the Sixth Fleet AFS totalled $1 ,967,300 during
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FY 1971 from an average inventory of $1,476,000. The gross demands
that could have been placed on the AFS and the number actually satisfied
are displayed in Table 111-3. Ir practice, combatant ships do not place
demands on tne AFS for items not included in the Fleet Issue Load List.
On the average, the AFS satisfied about 95 percent of the demands
directed to it.

ANNUAL DEMANDS ON AFS

COG SYMBOL POTENTIAL REQUISITIONS ACTUAL. REQUISITIONS
PLACED SATISFIED

1A 975 205
1H 7129 4161
IN 5348 2809
2A 245 42
2G 65 0

2H 333 94
2U 80 0
4A 3 0
4G 771 473
4N 611 1631:-

9C 10314 5421
9G 13273 8900
9N 26737 16990
9Z 19325 11991

TABLE 111-3

3. Material Control Officer (MATCONOFF) Screening

The third, or screening, echelon does not have an inventory
of its own but, operating from the AFS currently in the Mediterranean,
attempts to satisfy extremely urgent shipboard requirements by querying
other ships in the Sixth Fleet. Its success in satisfying these urgent
requirements is about 60 percent, with 2/3 of the available material
coming from the VS itself, the remainder from-all other Sixth Fleet
ships.

The total time required to satisfy a requisition by this
method is 8 days, if Liue material comes from the AFS, and 12 days
otherwise. (A routine end-use request on the AFS is filled in a
time equal to one-half the ship's replenishment frequency, or 15.5
days.)

The MATCONOFF operation aboard the AFS requires the full time
services of 3 storekeepers and 4 communicators. The annual direct cost
for this operation is about $50,000. This amounts to $8.68 per request
handled or about $14.50 per request saLisfied through screening.
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4. NSC Norfolk

Pertinent statistics about the operation at NSC Norfolk during
FY 1972. are presented in Table 111-4. Total requisitions are mposed
of (a) point-of-entry (POE) requisitions submitted by customers either
directly or through a subordinate supply echelon and (b) requisitions
referred by an ICP or DSC in the almost certain knowledge that Norfolk
will be able to issue.

Relevant average costs at Norfolk are:

-Cost to make an issue: $1.17 per line item issued

Cost to manage an item: $0.79 per year

Cost to receive material: $6.72 per receipt

Cost to replenish locally: $7.68 per purchase

Inventory holding cost: 13.5% of value of material held

For the most part, these estimates were obtained by correlation of monthly
production and cost data appearing in NAVCOMPT Form 2168.

Resources at an activity can be measured in terms of machines and
personnel or in terms of their capacity to perform work. Ideally
cdpacity figures should be based on engineered time standards. However,
these standards are generally not available at NSC Norfolk or the ICPs.
Therefore, the following alternative method was developed:

Compute the rate of output (units produced divided by man-hours
used) for each of several observations of production (say, 12 months'
worth)

Select the highest of these rates for each function and
multiply it by the largest number of personnel assigned to the
function in the time periods observed. The product is at least
a lower bound on the 'maximum capacity of the organization.

By the method just described, the c pacities, expressed in
requisitions per hour, of selected functions at NSC Norfolk are:

Purchase Division 34 reqn./hr,
Technical Division 54 reqn,/hr.
Customer Service 1578 reqn./hr.
Issue 1770 reqn,/hr.
Packing 1235 reqn./hr.
Computer Practically unlimited
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5. 1 vertory Control Points and Defense Supply Centers

Essential workiuad, inventory and performance statistics
concerning inventory manager operations are presented in Table 111-5.
Note that neither the ICPs nor the DSCs must process all requisitions
shown in the first column of figures. In the case of the ICPs
roughly 50 percent of these are completely handled at a Navy stock
point and appear at the ICP only as a report of a completed trans-
action. (For DSCs the percentage handled locally is significantly
lower.) Conversely, requisition processing and spot-buying by no means
constitute the entire workload at an !CP or DSC.

The three percentage figures for the wholesale system should
total to approximately 100 percent, since immediate issue (or referral),
delayed issue (or backorder) and spot-bi!y (or direct vendor delivery)
are the three main methods of requisition satisfaction at the wholesale
echelon. (Substitutions are usually -,ncluded in immediate issues, spot
repairs in delayed issues.)

Selected average unit costs assocaited with an ICP or the whole-

sale echelon as a whole are:

ESO SPCC

Cost to manage an item per annum $ 9.60 $16.50
Cost to place an order under $2500 44.00 37.00
Cost to place an order over $2500 82.00 75.00

Capacities to perform selected functions within ESO are (in requisitions
per month):

Stock Control processing 19,125
Technical Division review 5,243
Purchasing 2,500
Data Processing (manual) 48,439

Capacities of various requisition processing functions at SPCC are
(in requisitions per month):

Selected item purchase 17,976 Strategic systems 10,214
Buying operations 4,484 Special support 4,687
Contract management 7,156 Requisition control 31,156
Technical assistance Stock control
Ordnance 6,216 Electrical & Hardware 25,536
HM&E 14,162 Machinery & Equipment 15,237
Nuclear weapons 559 Weapons 21,873
Nuclear propulsion 2,540 Nuclear propulsion 386

Material management 5,174

Neither cost nor capacity figures have been co;lected on the Defense
Supply Centers.
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ICP/DSC_ AVERAGE- PROCESSING TIME S .

COG SYM FACKORDER TIME MILSTEP
Spec. Study MILSTEP Adm.Time Prod.Time Tot.Time SPOT BUY

1A 0 121 da --- 114 da 125 da
lH 88 87 --- 114 86
IN 112 97 104 84 188 126
2A 98 95 --- --- 114 226
2G 51 94 3 2 33 65 82

2H 142 92 --- --- 114 209
2U 65 45 ...--- 114 91
2N 142 161 126 101 227 169
4A 47 ----- 114 95
4G 117 160 139 116 255 187

4N 149 96 95 97 192 147
AX 59 113 --- -- 118 114
CX 46 76 --- 37 40
TX 47 55 --- 141 78
KZ 51 63 ...... N/A 81

Fart Numbered Items (Norfolk) 15 30 45
(ESO) 39 65 104 --

(SPCC) 57 70 i27

TABLE 111-6

Table 111-6 provides estimates by two different methods of the
time an item remains on backorder at an ICP or DSC and is in a spot-
buy status at an ICP, DSC, or (in the case of part number pur& 'ases)
at NSC, Norfolk. One method (labelled MILSTEP) is to divide tht
number of outstanding backorders (or spot-buys) reported in MILSTEP (r
its feeder reports for FY 1972 by the number established during the
month. The quotient is the average time on backorder (or spot buy)
expressed in months. The other values are taken from various analyses:

2,380 IPG I & Ii backordurs released at SPCC in October 1972

c 52,500 spot buys at SPCC

12,270 backorders released at ESO in July, August, and
September 1972

o 5,820 spot buys at ESO in July, August and September 1972

, All Navy referrals, backorders, and spot buys handled by four
DSCs in October - December 1973

, Part-numbered items purchased at Norfolk and reported in Econumic
Anal3,is of Processinq non-FSN Requisitions in the Navy SpTy-SistBi;
LCOR G. N. KachTi{an; N)v~nier-97 0; TN~v- SupySysems Conamand.
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As a general rule, inventory control points allow a vendor 15 days to
submit a quotation on an IPG I requisition, 30 days on an I'?G II. NSC
Norfolk, receives telephonic quotations upon initial solicitation in
some cases and allows a week for quotation in other cases.

6. Airlift Agencies

The Military Airlift Command (MAC), a command of the U.S. Air Force,
provides airlift services to the four military organizations primarily
from CONUS to overseas aerial parts,

COST AND SCHEDULE STATISTICS

MILITARY AIRLIFT COMMAND

NORFOLK (NGU) NORFOLK TO NORFOLK TO
TO ROTA (RTA) NAPLES (NAP) SIGONELLA (SIZ)

Hours between flights' 25.09 31.54 71,225
Transit time in hours 7 hrs. 25 min. 28 hrs. 27 min. 9 hrs. 55 mm.
Maximum flights/day1  3 3 2
Maximum days between1

Cot. fl e h ts 2 2 6
Cost (Dollars per cwt) $21.10 $23.90 $25.30
Percent Sixth Fleet

cargo dropped4 9.39 vu.61 0

NMTO, Oakland, "Major Eastbound Channel Airlift Summary" for June,

July, and August 1972.
MAC Cargo Schedule, 21st Air Force, October 1972. Includes layover time.
AFR 76-11 of 25 September 1972.

4' Air Terminal Cargo Movement Report.

TABLE 111-7

In FY 1972, MAC lifted 619,000 tons of cargo an avrage of 7500
miles between 86 terminals throughout the world. To accomplish this,
it used 257 Starlifters (C-141) and 48 Galaxys (C-5) operated by MAC
pius some coim.ercial augmentation. Of the 517,000 tons moved through
established channels, 50 percent was Air Force'cargo; 18 percent Navy
cargo.

MAC does not release load-factor itiformation by channel or for the
system as a whole. However, it is generally conceded that the Norfolk-
Medi Lerranean channels have the highest load factors and that the Norfolk
APOV (NAS) Norfolk) has une uf the shortest port delay times within CONUS.
Selected information on these channels is contained in Table 111-7.

The Navy's continental contract airfreight system, called QUICKVRANS
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is actually composed of three subsystems: an airlift operation, a cargo
handling operations at terminals and 15 commercial truck transport
routes to feed cargo over short, low volume runs into the airlift
system. Cost and schedule information is summarized in Table 111-8.

The QUICKTRANS system now has a mixture of Hercules and Electra
aircraft, but is expected to operate in FY 1974 with four Hercules
(L-1O0-30). This will force a slight reduction in flight frequency
from that shown in Table 111-8.

It is expected that in FY Il'74 QUICKTRANS will fly 3,900,000
miles and lift 48,000 tons of Navy cargo from 30 terminals (includ-
ing truck terminals), 15 of which are operated by the QUICKTRANS service.
Anticipated load factor is 76 percent.

7. U.S. Postal Service

The U.S. Postal Service has three classes of overseas parcel mail
service to the Department of Defense involving air delivery. The most
expensive, and presumably fastest, class is air parcel post (APP). It
moves by air or equally expeditious means within the continental
United States and by commercial air to the overseas destination.
First class parcel mail also moves by air during its entire journey,
except that on its overseas leg it is classified as MOM -- military
ordinary mail. Military ordinary mail ranks "with but after" APP,
riding in the same aircraft except in the unusual case when "orange-
bag" mail (APP) fills all available cargo space. Mail endorsed
"MOM" at point of origin supposedly travels by surface within CONUS
and with MOM priority overseas.

The U.S. Postal Service charges the military services a sliding
rate per pound for movement within CONUS reiardless of distance moved.
The overseas rate via air from Kennedy International--irport to Rome,
Italy, is 69,27 cents per pound for APP, 46.93 cents for MOM, The
total price charged for various poundages is shown in Table 11I-9.
Because values displayed are at the rate break points, the figures
really indicate minimum costs. For example, a 15 pound package
package moving via APP from Norfolk would cost $22.39.

For comparison purposes, MAC and MAC.*QUICKTRANS costs for the
same weight packages are shown. The costs are the sum of the rates
in Tables 111-7 and 111-8 to which has been added a TCMD (Transpor-
tation Control Movement Document) preparation cost of $2.44. This
value, estimated by NSC Norfolk, includes $0.74 in clerical cost
and $1.70 in warehousing cost. With respect to the QUICKTRANS portion
of these ccsts, it can be argued that the annual QUICKTPANS contract
is fixed cost to the U.S, Navy and therefore really should not be
considered in making decisions about how to move material from, sa.v,
NSC Oakltid to the Sixth flee .y the same token MAC operating costs
are a fixed value in the eyes of the Departmient of Defense, as are the
osts of operating the Postal service as the Federal Government sees them.
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TRANSIT TIMES AND COSTS TO SIXTH FLEET

Via Mail and Military Air Carrier from NSC through Fleet Mail Center,
Naples

WEIGHT MCDE OF SHIPMENT
IN LBS

APP 1st Class MOM MAC-QT

Cost from NSC Norfolk

1 $ 4.69 $ 4.47 $ 1.97 2.68
14 13.70 10.97 8.07 5.79
27 30.70 24.67 15.67 8.89
40 46.20 37.27 23.02 12.00
70 79.48 63.85 39.35 19.17

Time from NSC Norfolk

All 6.60 da. 7.05 da. 6.99 da.

Cost from NSC Oakland

1 4.69 $ 4.47 $ 1.97 $ 3.01
14 13.70 10.97 8.07 1O.4b
27 30.70 24.67 15.67 17.95
40 46.20 37.27 23.02 25.42
70 79.48 63.85 39.35 42.65

Time from NSC Oakland

All 6.47 da. 7.49 da. 9.07 da.

TABLE 111-9

Of course, the purpose of industrializing an operation (whether it be
MAC, QUICk!RANS, or USPS) is to make the users .,onscious of costs and
to minimize total costs for both the operator and the customer,

in an effort to gage the performance of the USPS, the Postal
Affairs Branch in OPNAV directed an analysis of all parcels leaving
NSCs Norfolk and Oakland for F,O, New York during a two week period.
The results of the an~lysis are includod in Table 111-9.

Some intiresting situations were uncovered by the analysis or were
previously known:

_ All classes or mail are trucked from Norfolk to Postal Concentra-
tion Center, New York. Thus, there should be no difference in service
among MOM, First Class, and APP and no reason for paying more than the
MOM rate. In fact, First Class is never used; APP, when used, appears

-,' 111-29



to qet Kennedy International- Ai rport 0.45 days earlier. Inspection of
the raw data suggests that this m!a~y be due to priority handling within
NSC Norfolk.

Although mail dispatched from Norfolk on one day should be dis-
patched from Kennedy International Airport the next day, there is at
least an additional day's delay due to poor truck scheduling.. This
delay may explain why APP moves from NSC Oakland faster than from NSC
Norfolk.

Despite NSC Oakland's firm policy, almost hall the parcels for
the Sixth Fleet moved via MOM. Possible reasons for this are:

Workers at Oakland do not follow policy

Ships thought to have an FPO, San Francisco, address actually
actually have an FPO, New York, address

Parcel express packages transported via QUICKTRANS and bound
presumably for ships in the Norfolk area may be entered into
the postal system as MOM if the ship is overseas.

If MOM moves by surface from San Francisco it must take a minimum
of four days. Fourteen parcels that did move via surface means took
11.86 days. Yet MOM packages actually Look only half a day longer than
those from Norfolk. This may be because the Postal Service is moving V1A
on a space-available basis by air.

Again for purposes of comparison MAC and Mt.C-(UICKTRANS total
elapsed times are shown in Table 111-9. The figures were taken from
"MAC Analysis Report for Shipment Units Reported (D'J-I&L(M) 782)" and
QUICKTRANS Transit Time and Priority Sumary 4630-19." More recent
MAC times may drop slightly in the coming fiscal yea, and QUICKTRANS
times rise.

8. Requisition Transmission Within CONUS

Between continental Naval Supply Centers and ICPs or DSCs, all
IPG I and II requisitions are transmitted by AUlODIN or, if exception
data are included in the requisition, by message. By comparison of
the contents of computer tapes maintained at SPCC and Norfolk, it is
possible to estimate the number of hours elapsing between rele se of
a requisition by one activity's computer and its receipt by the other
activity's computer. The results of analysis of 4300 IPG 'I and Ii
requisitions are displayed in Table 111-10. The averaae transit
tine from Norfolk's computer to SPCC's computer is 22.6 hours, from
SPCC to Norfolk 16.7 hours. Note from Table 11I-1 that in the case of
requisitions going from Norfolk to SPCC, at least 3 1/2 hours elapse
when the requisition is not "on the wire." For requisitions going In
the other direction, the off-wire delay for IPG 1is may be as much as
24 hours but obviously averaqes much less than this.
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C. Requisition Response Time

An important output of the computer programs developed for S
4

is requisition response time -- the time elapsing from mechanic's
request for material to mechanic's receipt of material. Therefore,
this statistic is useful not only in indicating succinctly the
current performance of the material support system as a whole but
in testing the overall realism of the S' computer simulations.

Unfortunately, there is now no operational data collection system
in the Navy which routinely reports and displays this information
for all corrective maintenance actions. It is possible that a data
element from the Maintenance Data Collection System could be combined
with information submitted to the ship's supply department to de-
duce requisition response time. However, at the present time neither
the possibility nor the practicability of this method nas been
established. The casualty reporting (CASREPT) system now provides closed
loop information on certain requisitions. However, the reports are
limited to emergency situations, which at most embrace only three
percent of all corrective maintenance actions for ships. Further-
more, response time is collected only on those parts not available
aboard ship. A more comprehensive system, involving reporting
of all material receipts aboard computerized ships, is now in the
final stages of development. Even this will be limited to material
requests leavip i the ship.

In the absence of routinely available information, the study group
requested cnree type commanders -- Commander, Cruiser-Destroyer Force;
Comnander, Amphibious Force; and Commander, Naval Air Force -- in the
Atlantic Flee. to provide basic data on response times observed by
ships recently returned from ueployment in the Sixth Fleet. COMCRUDESLANT
and COMPHIBLANT supplied information in the Form of OPTAR logs, which
indicate the Jtiian data of the requisition and a date approximating
the receipt aooard ship COMNAVAIRLANT forwarded key-punched data
taken rom the packing copies of DD Forms 1348-1. Since the AFS
does not include such forms with its issues, the COMNAVAIRLANT sample
was limited to requisitions supplied from CONUS and therefore,
considerably biased. Hence, it was decided to include aircraft
carrier observations only for lH and IN cog material, for which
observations from other ships were severely limited.

The estimates of response time resulting from analysis of ship-
board data are listed in Table Il-l. Shown are (a) the number of
off-ship requisitions reported, (b) the average response time for these,
(c) the fraction of total det... that must leive the ship (as estimated
by an Atloat Simulator to be described in Chapter V), (d) the estimated
time to issue those items obtained from the ship's storerojim, and,
finally, (e), the sum of (d) and the product of (b) and (c), or tile
estimated average response time for all mechar,ics' requisiticns,
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ESTIMATED REQUISITION RESPONSE-TIMES

SHIPBOARD REPORTED FRACTION SHIPBOARD EST REQN
COG SYM OBSERVATIONS AVG TIME LEAVING SHIP TIME RESP TIME

1A130 22.05 da .492 110 da 10.96 da
1H 551* 31.61 .538 .143 17.15
1N 417-- 30.30 .527 .202 16.17
2A 49 23.67 .301 .112 7.24
20 N/A

2H 72 49.08 .724 .114 35.65
2N 129 31.61 .524 .183 16.75
2U N/A
4A N/A
4G, 106 25.96 .434 .243 11 .51

4N 105 3K.91 .333 .207 10.5.0
9C 334 22 .20 .502 .149 11.29
90 197 14.73 .484 .180 7.31
9N -693 16.86 .411 .214 .7.14

9Z 261 21.74 .442 .177 9.79

*Includes CQMNAVAIRLANT Observations

TABLE III-11
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IV. ASSUMPTIONS

The computer programs to be described in the next chapter are
intended to simulate the material support system described in Chapter
III. Exact replication of that system would require (1) the collection
of vast quantities of data some of which are now available centrally
.but most *of which either- appear only in local records or have not even
been reduced to raw written form and (2) the design and operation of
computer programs relating these data in the exact manner specified by
policy or evolving over time. Even to attempt such a comprehensive
simulation would be prohibitively expensive. To succeed would -imply
replication of the Sixth Fleet and its material support system for a

* long enough period to run experiments and test policies.

High speed computer simulations are intended to test alternative
.policies at relatively low cost and without the replication of all or
even a part of the physical system under scrutiny. To achieve this end,
all simulations, including those developed in 4, must employ simplify-
ing assumptions about how the system behaves and what the data would
reveal if invariably available. For S1, these assumptions are stated
in the following paragraphs, with evidence of the plausibility of the
assumption and the consequence of its employment.

A. Requisitions Involved

For purposes of estimating requisition response time it is a-umed
that all end-use requisitions and only end-use requisitions are assigned

* Issue Priority Group (IPG) I or 11. The assumption is not str.ctly true.
Although, according to current Uniform Military Material Issue Priority

*- Standards, all IPG I requisitions are for end-use and all IPG III are
for stock, IPG II may be cited for both low priority end-use requiremet,ts
and essential-item stock replenishment.

The advantage of the assumption is that all records are now routinely
divided by Issue Priority Group, but not between stock replenishment and
end-use. The onp exception to this involves ships with computer capability,
which, in effect, code the requisition number to indicate replenishment or
end-use. Decoding this information for management reports requires
additional programming and running time and is rarely done.

The effect of this assumption is to increase simulated response time
slightly because the simulations assume a larger fraction of IPG II
requisitions to be end-use than is actually the case.

B. Immediate Satisfaction of Requisitions b Issue Priori Gru

It is assumed that a requisition has the same probability of being satis-
fied at once, regardless of the Issue Priority Group of the requisition.
To test this assumption at the wholesale echelon, the approximately
1.5 million demands placed on the system in FY 1971 were :nalyzed to
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detenine the fraction satisfied in each priority group. The results,
displayed in Table IV-I, suggest (1).that there is little difference
in the treatment given the three priorities, (2) that IPG I requisitions
generally get better treatment than !PG II but (3) that IPGs I and II
combined actually enjoy about 1.3 percentage points lower satisfaction
than requisitions as a whole.

AVAILABILITY BY ISSUE GROUP

FY 1971

COG AVAILABILITY
Difference of

IPG I IPG II IPG I and 11* ,All IPGs* Last Two Columns

2G 62.3w" 57.8% 61.3% 61.3% 0%
4G 89.4 69.3 75.9 74.7 +1.3
1N 85.5 85.5 85.5 87.4 -1.9
2N 75.7 56.9 63,4 62.1 41.3
4N 87.0 81.7 83.7 83.1 +0.6
!A 83.1 82,2 82.3 80.9 +1.4

2A 76.5 76.3 76.3 76.7 -0.4
4A 85.6 85.2 85.5 85.5 0
lH 83.3 82.6 82.8 83.4 -0.6
2H 66.6 62.5 63.6 62.9 +1.3
2U 77.5 76.1 76.7 79.5 -2.8

*Requisition weighted.

TABLE IV-I

To analyze the consequences of rationing the indicated percentage
changes (where greater than 1 percentage point) were applied to estimates
of requisition response time previously developed by the Synthesizer (to
be described in Chapter V). The effect of using the supply availabilities
in column 4 of Table IV-I in lieu of those in column 5 is summarized in
Table IV-2. The maximum error caused by the assumption is + 0.56 days
response time. In all other cases, the error lies between + 0.37 days
and - 0.34 days. Thus, the consequence of ignoring rationing at the
ICP echelon, if it exists at all, is to increase simulated response
time slightly over its true value.

Discussions with Fleet personnel as well as paragraph 2 of COMSERV-
FORSIXTHFLT Message 081212Z of April 1972 indicate that no significant Fleet
rationing is done to increase the probability of satisfying a high
priority requisition.
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CHANGES IN RESPONSE TIME

COG CHANGE IN ICP NEW RESPONSE OLD RESPONSE CHANGE
AVAILABILITY TIME@ TIME*

4G 1.3% 13.16 days .13.33 days - .17
IN - 1.9 8.57 8.51 + .06
2N + 1.3 32.65 32.02 .37
IA + 1.4 19.22 19.56 .34
2H + 1.3 23.36 23.68 .32
2U - 2.8 14.25 13.69 + .56

@ Based on availabilities in column 4 of Table IV-l
* Based on availabilities in column 5 of Table IV-l

TABLE IV-2

_.,. Independence between Echelons

It is assumed that the gross supply availability at a particular
echelon is independent of (i.e., not influenced by) availability at any
other (higher or lower) echelon. Richardsf has tested the validity of
this assumption by means of a 3-echelon simulation involving hypothetical
items and has found that,in general, demand between echelons is not
independent but that, given the Navy's current stock policies, the
dependence is minimal.

Drawing conclusions from the simulation, Richards states: "If an
item is included in the range of items carried aboard a ship or an AFS
as a demand based item, it is carried at a depth sufficient to achieve
a prescribed basic combat endurance . . . Likewise, the reorder level
at the stockpoint or the ICP is determined to provide a high level cf
protection against stockouts. The sample output reveals that gross
supply availabilities are very nearly one whenever stockage levels are
set in accordance with the prescribed standards."

There is a strong empirical evidence that, at; the shipboard level,
availability is either 100 percent or 0. Table IV-3, summarizing 18
months of Sixth Fleet demand by cognizance symbol, indicates that
almost 3/4 of the items demanded satisfy one of these extreme situations.
Further, the presence of mid-range availabilities is in some cases due
to the addition or deletion of the item during the 18 month period.
Similar results should obtain for AFS inventories, except that fewer
items will have an availability of 100 percent and more 0 because of
the narrow AFS range. Extreme availabilities are less likely at the
ICP echelon.

W-T E-rT 71 7-hi7 -!Y
US Naval Postgraduai-e c6-Rot'a o a Ferui79-T

IV- 3



C) ro CM W~ OChU Q (Y) co) LO) "M CO 0) OC

C) Q- Q- ~ CD) CD Co C±* O~j C- U) LO) LI) 4.4) (

.7) ( V ) - a. a a - Oa CM) LnC

V ) C) C) (Y) C) ) C) N~ C) CY ) tO. UY) N- m '~

t O LO 00

C) c

L)
CD IC) CC)~1 C) (\I 00 LO - C) CD Izj - Ir N~

< (-) M " - C ,

I. LU 0
<T 0- CD 4- Lo) N- (V) C .a- CD Nl. -J- co 0) CY) 4-

(70 -- a- co C\ N~ m~ CM a- ) CV)

LUI >-.4)

LL- - C) *- ( C) Izi r-I NO to 4) C\M ko - - I
C) ~-; cm wo wC ~ M a - N 't N C D co r-_
-:r ...j a-. a0 al ar

0:: ::L

C-) ko L- C)j a) U

w '-'44

C-) (I w4-

W) C') o0 60 w- 0 s) w- m" w~ U) %zr

1 00

a..4 a.- at - a C \ M - ' Co ON CN 4-:4 in

TABL IV/

IV-



Richards continues: "These arguments tend to indicate that carried
items will have availabilities very nearly one. Obviously the availability
is zero if the item is not carried. Based on these arguments, it seems
likely that the cog availability at a given echelon is primarily a
weighted average of availabilities of zero and numbers close to unity.
Provided this is true, the independence assumption should not critically
affect the estimates of mean requisition response times.

"If the above interpretation given to the cog availability figure is
not correct, and a substantial fraction of the items composing the
material cognizance class have availabilities which are at neither
extreme, then the estimate of cog mean requisition response time will
probably underestimate the true mean response time."

It should be added that the shipboard, AFS, and screening echelons
have been combined into a single Fleet Simulator, in which echelon depen-
dence is recognized. Similarly, processing at Norfolk and the rest of the
wholesale system is incorporated in a single CONUS simulator. This should
mitigate the adverse effects of assuming independence.

D. Afloat Repair Pools

It is assumed that a repair pool or repair line is not used below
the wholesale level. Hence at the shipboard and AFS levels all items
can be treated as consumables. In fact, in contrast to aviation supply,
there are few repair lines operated for shipboard equipment at the inter-
mediate (i.e., tender) echelon. Although a tender may accept a component
for repair, repair it with the ship's parts, and return it to the ship,
a tender does not characteristically maintain a pool of RFI (ready-for-
issue) units which can be traded for a ship's malfunctioning unit.

E. Initial Stock List

It is assumed that the COSAL (Coordinated Shipboard Allowance List)
is the sole source of material aboard ship. In fact the ISI. (Initial
Stock List), which defines what is carried aboard ship, may include a small
amount of material not in the COSAL. The extent to which these stocks affect
supply availability of technical material has not been examined.

F. Operatin._pa.e I tems

It is assumed that Operating Space Items (OSI) included in the COSAL
do not contibute significantly to shipboard availability. To test this
assumption, inventory operations aboard five of the ships in the S4
sample were simulated first with OSI included and then wilu OSI excluded,
The results are compared in Table IV-4. In two instances the supply
availabilities with and without OSI were identical; in the other three
instances they were within 3 percentage points. Note that operating-
space items are predominantly items of portable and seni-portable equipage
(i.e., damage control gear, fire-fighting equipment, rigging tools, etc,)
Although they account for, a significant fraction of the total COSAL inventory,
they are not normally wearable and, accordingly, do not contribute sig-
nificantly to supply availability. They are often excluded from reported
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CONTRIBUT'ON OF OPERATING SPACE ITEMS

INVENTORY ($000) SIMULATED SUPPLY
AVAILABILITY

Observed Simulated
W/OSI W/o OSI W/OSI W/o OSI

AO-109 152 551 218 44 43
AO-147 243 638 190 51 51
DD-862 309 501 326 48 45
DEG-4 804 1,194 857 52 49
LPA-249 361 788 304 49 49

TABLE IV-4

COSAL values, as exemplified in the "observed" figures reported by
TYCOMs.

G. Sources of Stock Afloat

Tt is assumed that the only sources of stock afloat are (1)

the .ip's storeroom, (2) the AFS, and (3) other ships' storerooms
via the MATCONOFF screening. in particular, the following unusual
sources are excluded as being statistically insignificant:

(.) Maintenance sources.

Table IV-5 lists the total world-wide shipboard demand for parts
in CY 1970* and indicates how much of that was provided from shipboard
Supply Department stock and how much from maintenance sources. This
latter classification encompasses cannbalization, salvage, use of next
higher assembly, and outside sources, such as tender stocks. The
total input from maintenance sources is obviously quite small. If
material from maintenance sources had in fact b3en available through
the supply department, the gross supply availability would have
risen less than 1 percent in each commodity.

(2) Shipboard substitution.

A study# of COSAL support reveals that the use of substitute
items at the shipboard level is basically the result of receiving
substitute items from a stock point. For example, the UDG-2 exper-
ienced 12,468 usages of items during a 42 month period. The total
number of incidences of usage of substitute items represented

MOCS Study Effot forG -970-uT." 14a'l Maintenance Support Office;

Mechanicsburg, PA; June 1971
# Investigation of COSAL Configuration File; QA Report 76; U.S. Naval
Fleet Material Support Office; Mechanicsburg, PA, 31 January 1972
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DISTRIBUI1ON OF MATERIAL USAGE BY COG AND SOURCE

TOTAL MAINTENANCE
COG SYM DEMAND SUPPLY ISSUES SOURCES

IA 12,909 5,146 121
1H 84,989 49,892 558
IN 48,820 26,051 423
2A 3,818 2,135 6
2G 15 3 0

2H 4,960 2,310 34
2N 5,766 3,341 12

2U 322 222 0
4G 8,417 3,412 24
4N 5,836 2,790 11

9C 123,376 73,883 858
9G 74,108 45,315 595
9N 336,500 261,861 1,886
9Z 152,186 103,291 1,434

TABLE IV-5

approximately 6 percent of the total. In no case were any of the
substitute items found to have been originally on the allowance list.
Discussion with shipboard personnel and review of shipboard records
indicate that once a substitute item is received the tendency is to
reorder the substitute in lieu of the original item.

(3) Hampton Roads screening.

Screening of ships in the Hampton Roads area, although quite
important in individual maintenance actions, is limited to assets
not visible to the ICPs and involves items which have long lead
times or have been a source of availability problems in the past.
Statistically, the screening is insignificant, involving only 337
searches in the first half of CY 1971 for all Atlantic Fleet require-
ments,

(4) Shortages and Valuable Excesses (SAVE) Program.

SAVE is essentially a swap-between-ships program to permit a ship
to fill deficiencies in its allowance by transferring material at no
cost from a ship having an excess. Because Type Coniianders have
characteristically funded deficiencies in demand based items, the
program is essentially limited to insurance items. For Fiscal Years
1970, 1971 and 1972 less than 9,JOO line items, valued at under
$500,000, were swapped annually among all ships of the Atalntic
Fleet. This appears statistically insignificant for S4.
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The effect of ignoring the above unurual sources of supply will
be to increase simulated requisition response time slightly abovce its
true value.

H. Sources of Stock in CONUS

It is assumed that the only sources of supply in CONUS are!
stocks immediatley available in the wholesale system (including 'NSC
Norfolk), (2) receipts from previously let contracts or repair orders
(3) spot repairs and (4) spot purchases. The following sources are
specifically excluded:

(1) Cannibalization.

During FYs 1971 and 1972, cannibalization actions for the entire
Atlantic Fleet averaged 32? per year for ESO material, 192 for SPCC
material.

(2) Substitution.

Analysis of requisition history files at ESO and SPCC indicates that
a true alternate FSN is used 0.84 percent and 1.9 percent of the cases,
respectively, to satisfy a material request reaching the ICP. In
additional cases, included in both the Afloat and CONUS S Simulators,
requisitions are satisfied by issuing a superseded or superseding FSN
or by finding an FSN for a part numbered requisition.

(3) Locally Controlled Material.

Only in lH and 9C cogs are there any locally controlled items that
.ight contribute to support of the Sixth Fleet. Six percent of 1H re-

quisitions art For A fraction (centrally catalogued, locally managed)
items, in April 1972 about 1/3 of 9C sales were for L fraction
(locally catalogued and managed) items. In the case of 9C items only
about lO percent were other than lumber or plywood and thus might be
equipment related; about 1/7 of the lH cog items had names tt.at suggest
equipment relationship.

The effect of ignoring the above sources is to increase slightly the

simulated requisition response time.

I. NRFI Return Rate

It is assumed that (1) return of a not-ready-for-issue (NRFI)
component occurs only after a recurring demand occurs and that (2) the
probability of return is the ratio of NRFI return rate to recurring
demand forecast. Although there is no evidence to prove that this is
the correct approach, discussions with personnel in the field of
repairable item management suggest that it is acceptable.

1V-8
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J. Exponential Servicing Times

It is assumed that the distribution of time to service a single
requisition/material at a single work station :s exponential. No
specific evidence has been accumulated to prove o, disprove this.
However, it is an assumpton widely and !cefuIy used il
queuing theory.

K. Processing Sequence

It is assumed that personnel with several functions always give
first prioritv to the processing of IPG I and II requisitions or the
material related thereto. Although this assumption has not been
verified by observation, it is a reasonable assumption, given the
mission of the Naval Supply Systems Command and its constituent
activities.

L. Item Importance to Repair

It is assumed that all failed items must be replaced in a
corrective maintenance action. While there is no strong evidence
supporting this assumption, there is lack of evidence of the con-
trary assumption. No item essentiality rating scheme yet developed
and in practical use has identified more than a s,;all fraction (5 -
10 percent) of the items as being other than vital to the operation
of an equipment.

M. Sil el aed Requisit ion

It is assumed that when a mechanic requisitions material serially
for a repair instead of concurrently "-s happens in about 43 percent
of the repairs involving 2 or more parts). (I) only 2 batches of
requisitions are submitted and (2) one hatch contains only 1 requisi-
tion. Although there are some instances in which serial requisition-
ing does not adhere to the n-l, 1 or 1, n-1 pattern, using such a
pattern in simulation results in 97 percent of the repair actions
being correctly modelled.

N. Poisson Arrival Distribution

It is assumed that the distribution of requisition arrivals at
each work station or activity is Poisson. Because scheduling rules
cause requisitions to be batched, this assumption is clearly not an
exact representation of reality. However, it can be shown that the
more realistic assui'ption that inputs are at constant intervals in
batches whose random sizes are Poisson can be well- pproximated by a
.isson process. This is demonstrated through the following argument:

Pr a total of n units have arrived on or before the end of the kth
unifonnly spaced interval l
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Pr { k modules of random and Poisson-distributed size lead to

a total of n

Pr{ sum of k Poissons totals n

But it is well known that k identical Poissons with parameter a sum to
another Poisson, this one with parameter ka. Hence,

Pr{ sum of k Poissons totals n-kan

= e (ka) nn!,

that is, Poisson with mean ka. In view of the facts that the system
will not be able to react immediately to the input and that the time
between batches can be lowered, the overall process (not just that
evaluated at a point of arrival) will largely act as a Poisson
process even though the proved result is not valid for times between
batches.

A routine was developed during the study for testing whether any
particular set of data are Poisson distributed. The procedure uses the
well-known Kolmogorov-Smirnov statistics. The technique is: given a
sample of N observations, D = ma imumi Q(x) - S(x) is~determined
where Q(x) is the cumulative Poisson distribution function with mean rate
taken to be the sample mean and S(xI) is the sample cumulative distribution
function. If the value of D exceeds a known tabulated critical value
at the 5 percent 'level of significance, then the hypothesis of "Poisson-
ness" is rejected.

Requisition arrivals at each work station at NSC, Norfolk, were tested
by the above procedure; in no case could the hypothesis that arrivals were
Poisson distributed be rejected.

0. Shipboard Maintenance Practices

It is assumed that current shipboard maintenance practices will
remain in force and hence that average demand rates will remain constant
over time. Revised maintenance practices can be modelled only to the
extent that the effect of revised practices on demand rates can be.
externally estimated and provided to the afloat and CONUS demand
generators.
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V. DESCRIPTION OF COMPUTER PROGRAMS

The supply and resupply organization and procedures described in
Chapter III and simplified by the assumptions stated in Chapter IV
are modelled in a series of 5 computer anal/zers and simulators.*
The outputs of these computer programs are:

'The gross supply availabilities attainable at each of eight
echelor.'s for each of 15 classes of material if specified inventories
are held at each location.

0The time required for a requisition and the material resulting
therefrom to complete the several legs of its journey from the mechanic
to the echelon having stock and back to the mechanic.

The requisition response time as the mechanic views it, given
that each echelon supplies a part of the mechanic's total needs.

o The supply response time -- the time required to collect all
the parts needed for a corrective maintenance action.

o The operational availability, or up-time, of a particular nomen-
clature of equipment based on the supply response time developed above
plus other characteristics.

The remaining sections of this chapter describe broadly the con-
struction, inputs and outputs of each computer program and show how
they are linked together to produce the outputs enumerated above.
Technical details of the programs appear in Appendix C.

A. Overview,

Figure V-1 displays the interconnections, flow of data, and general
outputs of the five ,imuiators and analyzers developed in 8'. The
Afloat and CONUS Inventory Simulators require as inputs the demands
impos"e on eah _-cheho1"0, the inventories available at each echelon and
the policies emp'oyed in satisfying demands and replenishing stock.
The computer first combines these inputs ir a stream of issue
and receipt events covering thousands of items and several years and
then analyzes the events to estimate resulting inventory levels, re-
supply and issue workload, ane gross supply availability.

The Process Analyzer, using engineered or estimated time standards,
models oF- Btffn and material flow within an organization, and
"A) analyzer eval uates mathen~itical expressionT6s P!rTl9 -g
relationship between input(s) and output(s): a simulator generates
a stream of events according to specified ruli, and, by tallying
results, calculates and displays a possible relationship between
inputs and outputs.
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various doctrines concerning batching, scheduling, and transporting,
produces a statement of the probability that a requisition or material
will be completely processed thrnugh an organization in a specified
time, ranging from 1 hour to 360 k,,ys. New probabilities can be
computed in response to changes in workload or organizational capacity.
Where the process cannot be modelled in d._tail for unavailability of
data, existing reports can be analyzed or special studies made to
deduce throughput probabilities direc iy.

The Synthesizer coinibine the outputs of the Inventory Simulators
and Process Analyzers to pruduce estimates of (1) the distribution
of requisition response time, (2) workload (issues, receipts, orders,
and items carried), (3) inventory levels and (4) average, incremental,
and marginal costs. Note that the division between afloat and ashore
processing implicit in the inventory simulators is retained in the
Synthesizer. Thus, a specific requisition unfilled in the Sixth Fleet
is not transmitted Lo NSC Norfolk but is "killed" while a new requisi-
tion is generated for the wholesale system. This approach is satisfactor
as long as (1) the basis for generating CON"IS requisitions is the net
demand of fleet and other ci-stomers -- which it is -- and (2) the Fleet
and CONUS systems can be considered statistically independent -- which
the discussion in Section 1V C indicates they nearly are.

The distribution of requisition response time, transferred manually
to the Converter, is used in simulating corrective maintenance actions
on a particular equipment to construct an estimate of supply response
time -- the time needed to assemble all parts for a given repair.
Other necessary information, including a profile of an equipment's
maintenance actions, its average time to repair and its ave-'age time
between successive failures, is obtained from the 3M Data Collection
System either directly or through special studies. The final output
of the converter is the operational availability, or average up-time
of the equipment and the change in up-time that would resvlt from
changes in supply response time.

B. Afloat Inventor jpSimujator

The Afloat Inventory Simulator emulates the inventory management
functions perforiied in the Sixth Fleet, modelled to consist of 28
sample ships, an AFS, and a notional ship which probabilistically
describes the support capability and requirements of the balance of
the Fleet. The model replicates the activity among the elements of the
Fleet through the occurrence of events which iefine relationships ng
system variables and which, when executed, change the values of these
variables and thus the status of 'he system. The ensuing discussion
explains the functions of the eints in this model and briefly
describes the inputs and outnuts.

. Events

a. Demand event - This event is the primary impetus of the model.

V-3
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It occurs when a requirement is placed on an inventory by a customer
and has four attributes which provide the model with the necessary
procesirng information. Th'ese are:

° Tin . Date of occurrence within the simulation as determined
by the procedure described in Appendix C.

Source. identifies the inventory upon which the requirement
is to be placed initially.

Quantity. Identifies the amount of material needed to satisfy
the re quirement. Computed as described in Appendix C.

0 Type. Identifies the kind of requirement that is being placed --

en6-use, fleet screening or resupply.

The folowi g is a description of how the model handles each of

these requirements.

(I) End-Use requisition.

The inventory of the ship is checked to determine if material is
avai-l.able to satisfy the requirement. This results in the following:

o Sufficient material available. The requirement. is assumed

satisfied; material available for future requirements is reduced
by the amount of the requirement.

o Sufficient material not available. The amount available is

issued, the on hand is reduced to zero, and a 'determination is made
as to whether the remai'ing item requirement should be submitted to
the fleet screening process.

o No material available. A determination is made as to whether

the requirement should be submitted to the fleet screening process.

(2) Fleet screening requisition.

Once it has been determined that a, requirement is to be submitted
ot-fleet screening, it is necessary to introduce the requirement tc! the

screening process. This process entails the following sear-h_

o FILL (Fleet Issue Load List) Item,- An attei :pt is made to satisfy

it from the AFS. If sufficient material exists on the AFS, the require-
ment is satisfied and the AFS stock is reduced by the quantity requested.
If stock is not available on the AFS, the requirement is submitted to
the screening of sample ship inventories.

°FILL item, not available from the AFS, or Non-FILL Item - The
inventories of the sample ships are searched to attempt to satisfy
the requirement. If it is satisfied, the material available on the
satisfying ship is reduced by the amount of the requirement. If
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stock is not available from .he sample ships, a further attempt is
made to satisfy the requirement from Sixth Fleet ships not in the
sample, as described below.

° Not available from the AFS or the sample ships - An attempt is
made to satisfy the requirement from ships outside the sample. This
is done by drawing a uniform random number between zero and one. If
the value of this number is less than the probability that.a ship
outside the sample will satisfy a screening requisition, the require-J
ment is a.sumed satisfied. Otherwise, material will be ordered from
CONUS. Receipt of material will be determined on the basis of a
random draw from a probability distribution.

(3) Resupply reqj-'sition for FILL material

A resupply requisition is placed on the AFS for FILL material.
These requirements are serviced on a FIFO basis; it is assumed there
is no rationing of material. The requirement may be satisfied in
whole or in part. The inventory of the AFS is reduced by the amount of
the requirement satisfied, and the requesting inventory 4s increase,
by the amount provided by the AFS.

During the occurrence of this event, the variables necessary to
compute the availabilities produced as simulation output ar, incre-
mented and other events are caused to occur.

b. Inventory review event - The basic functions of this event are
to review the demand history of an item to determine the basis for an
item's inventory level and to compute the appropriate inventory level.
This lvent is triggered after every demand on the ship and every 30 days
on the AFS.

(1) Demand review - VT7. . , - : tem s.atus
(demand-basec0 --'::. .

t the item is currently not demand-based, the number of demands
recorded in the past history is computed and compared to the number of
hits required for demand-based qualification. If the number of hits
is greater than or equal to the number defined for demand-based
qualification, the item becomes a demand-based item. If it is not, the
item remains a non-demand-based item.

o If the item is currently a demand-based item, the number of
demands received in past history is compared to that needed for an
item to continue bein:l demand based. If the observed quantity is
greater than or equal to the required quantity, the item continues
to be a demand-based item; if not, the item reverts to being non-demand
based.

(2) Inventory levels

There are three methods of computing inventory levels in this tvent:
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o Levels for non-demand-based items. These levels are determined
from the allowance quantity. The requisitioning objective equals the
allowance quantity; the reorder point is one unit. less than the allowance
quantity.

Levels for sample ship demand-based items. These levels are
computed as described in Appendix C. The variables used in the com.-
putation are the average monthly demand, the high limit factor, and
the low limit factor.

o Levels for AFS Demand Based Items: These levels are computed
as described in Appendix C. The variables used in the computation
are average monthly demand, operating level multiplier, operating
level constraints, safety level factor, and order and shipping time
factor.

c. Review of assets event - The function of this event is to
review the status of an item's assets in light of inventory levels
as determined during the inventory review. An order is placed if the
assets are less than the reorder point or if the item has had an end-
use requisition and there was no material on hand. These orders are
placed on the CONUS system and the time of receipt of the material is
determined by o draw from a probability distribLtion of receipt times.

There are three different types of orders which require draws
from different distributions of receipt time. These distributions
represent times for:

o A normal resupply requisition to be received.

An cod-use requisition for material to be directly turned over
to the requirer and not picked up in inventory.

o A normal resupply requisition for an AFS.

During this event the statistics concerning number of resupply
orders generated are accumulated.

A special case of reordering material occurs within the sample
ships when the item is to be ordered from the AFS. In essence, the same
procedure as described above is used, but orders are placed on the AFS
in the form of a demand, These demands are ther processed as a require-
ment for FILL material.

d. Receipt of material event - This event occurs when the material
ordered in the previous event arrives aboard ship. When the material is
received, a determination is made whether or not the order is resupply or
end-use. If it is end-use and the requirement still exists, then the receipt
is not taken up in inventory. If it is a resupply order and there are
outstanding end-use requirements, an attempt is made to satisfy the
requirement, with any residual amount taken up in inventory.
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2. Input.

The input required for the execution of the model consists of item
data which define the attributes of each item simulated. These attributes
include cognizance symbol, stock number, unit price, allowance quantities,
and demands (described by date of occurrence, , and quantity). The
values of these data are obtained by synthesizin. jur basic sources of
information in a series of pre-proceszing programs which prepare the
simulation input.

The management data (cog, stock number and unit price) are derived
from an updated version of the COSAL cdndidate files for the sample
ships. These files contain the basic list of all items installed on
the sample ships. The allowance quantities are also developed from
these data sources by producing COSAL quantities for each of the items
on the sample ships. These COSAL allowdnce quantities become the
initial on hand stock at simulation day zero for each of the items on the
sample ships. The allowance quantity for the AFS, which is also considered
the initial on hand stock on simulation day zero, is obtained from the FILL
published by FMSO.

The other data produced by the pre-pocessor programs are demands
which will be placed on the sample ship and AFS inventories. These
demands have attributes of time, source, quantity, and type. The pre-
processor produces the demands used in the simulation by the model described
in Appendix C. In order to use this procedure, it is necessary to have
two parameters which describe the specific item as it is demanded on a
specific ship. These parameters are "mean time between requisition
arrivals" and "average requisition size." The development of these
parameters requires the use of two other data files. The demand
parameters for the sample ships are developed from the 3M parts usage
data recorded in the 3M MDCS, while the parameters for the AFS demand
from ships outside the sample are developed from the Load List Demand
History File maintained by FMSO.

3. Output.

The normal execution of the Afloat Simulator provides various sets
of data which are applicable to i single cognizance of material. The
sets consist of synthesizer input requirements, snapshot data, and item
output data.

a. Synthesizer input data - Because the Afloat Inventory Simulator
actually models three echelons, (i.e., ship, MLSF, and screen) it must
produce the data input for three echelons. Table V-i (see next page)
identifies the synthesizer requirements produced by the simulator for
each echelon by an x opposite the corresponding statistical element.
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DATA FOR SYNTHESIZER

DATA ELEMENT TRANSIENT STEADY STATE
SHIP MLSF SCREEN SHIP MLSF SCREEN

Number of Items Carried x x x x
Number of Requisitions/Year x x x x x x
Value of Annual Demand x x x x.
Average Value of Inventory x x x x

Average Value of In-.
transit Inventory/Year x x x x

Number of Resupply Orders/
year x x x x

Availability x x x x x x
Issue Time x x

TABLE V-I

This table shows that there are actually two sets of indicators:
transient and steady state. The former are those applicable to the
first year of simulation and the latter represent an average of the
last three years of simulation.

The screening echelon displays only two data elements which are
required by the synthesizer. This is due to the fact that screening
is not actually an echelon of supply and has no inventory; accordingly,
the various elements of inventory statistics are not applicable.

b. Snapshot data - On predetermined dates snapshots of the value
of various elements of the inventory are taken in order to compute
the indicators required by the synthesizer. The values obtained by
these snapshots could also provide pertinent data to an analyst.
These raw values are provided by the simulator and take the form of
a matrix with elements representing the value of interest for a specific
ship at the time of a snapshot.

c. Item output - If an individual FSN is identified in the
simulation input as requiring item output, the imulator will pro-
duce three types of output records:

Screening - An item record is produced which identifies the
item, the number of screening demands, and the availability provided
by screening.

AFS - An item record is produced to identify the item, whether
or not it is stocked, the average number of requisitions received
per year, the availability provided, the average on hand quantity,
the allowance quantity, and the average annual demand.
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'Ship - For each ship simulated an item record is produced to
identify the item, whether or-not it is stocked, the average number
of requisitions received per year, the availability, the average on
hand quantity, the allowance quantity, and the average annual demand.

C. CONUS Inventory Simulators

Two separate ICP simulators have been designed to account for minor
variations in requisition processing between ESO and SPCC. For the
most part, however, the two simulators are identical. An attempt has
been made to duplicate the current UICP decision rules for consumables
and repairables as closely as possible within the limitations of computer
core space and running time. The refinements excluded are (1) the
demand filter used to discount extreme demand values, (2) the Mark
migration filter; used to reduce migration from one decision rule to
another, and (3) calculation of quantity discount benefit. in addition,
it is assumed that no program changes occur and that there are no demand
trends.

1. Inputs

The inputs for the ICP simulation all come from the Uniform ICP
Automatic Data Processing System. Source files include the Stratifi-
cation Preliminary Work Tape (File B2ODXl), the Selective Item Extract
Generator (U4OKX1), the Demand History File (Bl8FX3), and the Trans -
action History File (Bl8JXI). Over 50 specific pieces of information
are required, including system and activity demand (replenishable and
non-replenishable), demand variances, system and activity inventory
positions, various leadtimes, and several cost factors.

2. Simulation Procedure

By analysis of the past 24 months history in the Transaction History
File, it is possible to calculate system and NSC Norfolk demard rates.
Both rates are subdivided between replenishable and non-replenishable;
Norfolk's demands are further subdivided between demands that are
submitted directly to Norfolk (i.e., POE or point of entry) and those
submittee to Norfolk's satellite activities, those stock points which
are not replenished but which issue available stock until it is
exhausted and whose customners are supplied from NSC Norfolk thereafter.

From demand rates thus developed a demand generator creates a five
year string of demands on the system and on Norfolk for a given item.
.(Details of demand generation are contained in 'Appendix C.) In addition)
the following two ratios are developed separately for replenishable and
non-replenishable demand:

* Norfolk POE demand to system demand

O Norfolk and satellite activity POE demand to system demand
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Therafter the following events complete the simulation of a given item:

a. Start event - Daily demands and requisitions generated above are
entered into the simulation during the event START. In this event all
demands for an item are scheduled for the entire period to be simulated.
All item data are read in and all constants and initialized values are
set. Control of the program is then passed to an embedded timing routine
so that events affecting the current item being simulated will occur in
an orderly time-oriented fashion.

b. Demand event - When a requisition is placed against the system,
an event called DEMAND will be executed. The first step is to create
a random number. If this is less than or equal to the first of the
two ratios given above, the demand is assumed to be a Norfolk POE
demand. If the random number lies between the two ratios, the demand
will be assumed to be lodged against one of Norfolk's satellite activities.
A hi.her random number indicates that the demand was placed on an activity
not specifically modelled. Norfolk POE requisitions will be filled from
the combined assets of Norfolk and its satellites; if stock is not avail-
able, the requisition is forwarded to the system. Point-of-entry requi-
sitions on Norfolk's satellite activities are handled in a similar
manner except that satisfaction of the requisition merely reduces
Norfolk's gross supply availability. Finally, a demand whose associated
random number is greater than the larger of the two ratios given above
will be satisfied from that part of the system outside Norfolk and its
satellites. If it cannot be satisfied in this manner, it will then be
referred to Norfolk. If sufficient stock is not available anywhere in
the system to satisfy any of the demands described above, the on-hand is
reduced to 0 and a backorder is established for the unfilled part of the
requisition. If no stock is available, a backorder, spot-buy, or (if
the item is repairable) a spot repair is simulated according to the
general rules described in Chapter III. Because these rules depend partly
on the issue priority group of the requisition, it -is necessary in the
course of demand generation to select an appropriate priority.

c. Review event - An event called REVIEW compares the item's
assets to its reorder point. If assets are at or below reorder level,
for consumable items a buy quantity (deficiency + EOQ) is computed, a
leadtime in days is generated and the buy quantity is added to the due-
in-from-contract quantity. For repairable items a decision is made to
repair only, repair and buy, or to buy only. Included in the reorder
point are planned programs, established as a result of transaction
item report analysis in proportion to demands generated. These are
held in the file for a specified length of time and then cancelled on
the assumption t.t the program has been consumated and stock has been
withdrawn.

d. Receipt and Break event - A RECEIPT event is scheduled to occur
at the end of the leadtime or repair time generated when REVIEW indicates
that more material is to be bought or repaired. In addition, to account
for RFI material returned to store, a partial receipt event is generated
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whenever a demand occurs.

For non-RFI carcasses the event BREAK generates and schedules the
turn-in of not-ready-for-issue material. It is assumed that non-RFI turn-
ins occur one unit at a time and are evenly spaced during the quarter.
The initial estimate of the number of turn-ins per quarter is taken from
the Master Data File. Subsequent actual turn-ins are generated from a
mean whose value is an exponentially smoothed estimate from generated
values. The leadtime for a stock procurement is generated in the same
manner as the quantity of turn-ins. Repair turn-around-time, on the
other hand, is assumed to be constant.

e. Update event - The event UPDATE occurs every quarter and contains

the UICP levels setting decision rules for EOQ and reorder point.

3. Outputs

The CONUS Inventory Simulators produce a great amount of output
i Formation for special studies, as does the Afloat Simulator. That
information specifically intended as input to the Synthesizer is
shown in Figure V-2.

D. Process Analyzer

The Process Analyzer consists of a series of computer and manual
operations designed to calculate the average and distribution of time
required to process req u.Sitions and ntaerial through any possible
journeys they may follow within a single organization. At present only
NSC Norfolk, the Electronics Supply Office, and the Ships Parts Colhtrol
Center have been modelled. For other organizations throughput times
have been observed, not calculated, because either (1) the activity
is outside the Navy or (2) necessary data collection for other activities
within the Navy would be prohibitively expensive or would interfere with
operations. However, there is no reason in principle why any activity in
the support system could not be modelied if data on capacities, workloaa,
and requisition/material flow were available.

1. lIputs

The Process Analyzer accepts the following data:

Definition of system elements - the work stations tnat can
possibly be involved in requisition/material processing;

SThe frequency with which work units leaving an element arrive
at each possible next destination;

o The work unit capacity of each element:

* The work load of each element
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2. Procedure

The steps described below are needed to compUte throughput time
probabilities from the data listed above:

a. Manually modify the frequency distribution of flows so as to
avoid the possibility of a piece of work looping indefinitely through a
group of two or more work stations. This is done by creating a new
"dummy" element which accepts the work unit before it can begin its
second loop through the system.

b. By means of a matrix power series program, compute (1) the
work units reaching any given element as a proportion of those
leaving any given element and (2), in particular, the work units
loaded on a given element as a percent of those entering the system.

c. Observe or estimate work capacity for each station. This may
be accomplished (1) by a methods engineering analysis, (2) by a test
of output under maximum workload conditions or (3) by computing the
maximum rate (units per man-hour) observed over a sufficiently long
period and multiplying it by the maximum personnel available for the
function during the same period. The last technique has been used
in S4 .

d. Feed the information from b and c a,)ove into a 3-priority
computerized queuing model, which calculates the probability that
a unit of work will clear a single element (work station) in a
specified number of hours.

e. Determine the possible paths that a requisition (or material)
can follow, the work st.ztions cleared ir each path, and the probability
that a requisiti,n will follow a specified path. For small systems
(reasonably, those composei of 20 elements or less) this path analysis
can b dccomplished by hano, For more complex systems, such as those
encountered at ESO and SPCC, a path analysis program has been written.
A path is a sequence of elements that a requisition or corresponding
material may feasilly encounter, A path is always initiated by an
element which receives a work unit from outside the system and terminated
by an element which passes the work unitn--outside the system, The
probability of a path's occurring is calculated by ta. ing the product
of the probabilities of the various flows among the elements which com-
prise the path.

f. Calculate the probability that a requisition/material will
complete an entire path in a specified number of hours, Institutional
factors with respect to batching or other system delays not relating to
the actual servicing of a work unit are taken into account at this
point. The waiting times per work unit are amended to account for such
waits as appropriate. For example, if requisitions leave an element
every 2 hours and the waiting time distribution is with respect to
each hour, then an amended distribution is constructed showing zero
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p'-Dbability on the odd hours and the sum of the current and the
previous hour probability on the even hours. If work units must
wait in an elerwent for a fixed average time independent of servic-
ing, then the entire waiting time distribution is "shifted" forward
in time by that average wait.

PROCESS ANALYZER OUTPUT

Leg Nr: 57
Time Dimension. hr.
Workload value: -20", Current +20%
Mean Time: 7.760 7.765 7.777
x(in hrs) Prob (time x)

3 .059 .059 .059
4 .081 .081 .081
5 .193 .191 .190
6 .176 .176 .176
7 .102 .103 .103

8 .061 .062 .062
9 .045 .045 .045

10 .042 .042 .042
11 042 .042 .042
-12 .042 .042 .042

13 .042 .042 .042
14 .042 .042 .042
15 .034 .034 .034
16 .028 .028 .028
17 .009 .009 .009

FIGURE V-3

g. Using the probability from step e that a requisition will follow
a given path and the probability that it will clear the path in a
specified time, compute the frequency distribution of requisition
throughput time and the average throughput time for the system as
a whole.

3, Output

Figure V-3 displays the output of the process Analyzer for the flow
of requisitions through NSC, Norfolk. Similar distributions are computedfor ESO and SPCC. Note that the standard output, intended as input to
the Synthesizer, contains not only the frequency distribution of through-
put tinie given current workload but also the dit.ributions that would
resu"It from 20 percent increase and 20 percent decrease in workload.

The function of the Synthesizer is to evaluate requisition response

V-14



time, given estimates of gross availability and throughput time at each
echelon using the following general expression for response time:

Rn at +- ( 1 (lai) ai ti]
~~~~~~R = a t +  E=Z ifn[ i 1 ( - i

1 1 j=2 i=1

where: ai = probability of satisfying a demand placed on the ith ecelon
for a typical item included in one of the 15 commodities
managed by the inventory control points modelled.

t average time to satisfy the demand (from mechanic's request
to mechanic's receipt) given that the demand is satisfied by

the ith echelon.

In addition, the Synthesizer:

o stores inventory and throughput time data for each cog symbol
and each echelon

produces histograms as well as expected values for requisition

response time

o computes incremental resource requirements for different levels

of performance.

The Synthesizer performs 3n a Navy-wide scale some of the functions
which the Process Analyzer handles within an organization. Other values
calculated by the Processer Analyzer are required as ilppyts to the
Synthesizer. For example, the possible reouisition/ma-ter"Tal paths are
detertined for the Synthesizer and recorded in the path table, described
below. The probability that a particular path is used is a function of
the gross supply availabilities at each echelon, calculated in one of
the two Inventory Simulators, The probabilities of completing a leg in
an overall path in specified times are either observed or computed in
the Process Atnalyztlr and in either event, are lodged in the Synthesizer's
leg tables. Given this irformation, the Synthesizsr, as does the Process
Analyzer, calculates by convolution the distribution of throughput time
for an entire system path and then weights the distribution according to
the probability of occurrence.

I. Inputs and Files.

The S&'thesi zer requires an inpu'A zertain of the outputs of the two
inventory Simulators and the Process Analyzer. The data from these
computer priqrams are stored in the Synthesizer's inventory file and
throughput file, described below.

a. Inveitory file - the inventory file is divicnd into the echelons
analyzed in the Afloat and CONJS Inventory Simulators, Within ehi ef.on,'
the file is divided into 15 cpojnizance syrn.bols and I or more cases. Cases
general ly represent speci fi 1 r T y7 doiitrzi es prescribing range and
depth rules.

V-15



w u

E) r 
L

x -' c,,

V)'

w ft

~ LL~>

w jw t ct u W 0/
LA2J uLu(

w -L

0_ (n

LaJ 0 I?) z CC~
-l C.) 0 < -j

S0 I(..- c

LL- 
..w

<C

LL 
13x

C< C41

cKO

VkV w



CO

-
OLO

w 0

U)( 4C) TO z

/- 
LOL X 0

W t -

w17



For each case the'e is a data.table. The contents of the tal)le vary.
by echelon but, ir general, include, for five values of a control parameter,
various input, output, cost and performance values for either the first
year or the steady state (average of last three years). The control parameter"
varies by echelon and by case (i e., days endurance at the shipboard level,
shortage.cost at the ICP level) and includes a base value, at least for
the base (i.e., current rules) case.

b. Throughput file - The throughput file consists of two parts:

(1) The path table, which defines for each echelon and each cog
symbol the legs through which requisitions/r.aterial for a specified cog
symbol must travel if they are satisfi 4 by a particular echelon. The
objective of breaking paths into le_. to permit quick assessment of
changes in throughput time in parts U, the system without recomputing
all throughput times for all cogs for all echelons and reentering data
into the computer. 'A single leg may be common to the path for several
echelons; all cog symbols may move over ne same leg or may have unique
-legs' The path for an echelon-cog symbol combination may contain only one .7
leg or may be the sum of several legs. The path table, once constructed,
should seldom change. The legs modelled in S,, are portrayed in Figure
V-4.

(2) Leg tables, which describe certain cost and time characteristics
of a leg and contain the probability that requisitions/material will flow
through the leg in a given time. Specifically, each leg table contains
the following data:

o Table number

o Relative workload contribution of referrals and issues.

0 Dimension of time data (i.e., hours or days)

° Mean throughput time for the leg

o Incremental cost (either positive or negativ4 needed to achieve the

performance described by the path and echelon at which cost is incurred.

o Appropriation which would bear incremental cost (i.e., OPN, O&MN,

RDT&E).

o Code to indicate whether cost is one-time or recurring.

Probability that throughput time for the leg has a specified value

2. Computations

Specific computations executed by the syrthesizer programs are described
in Appendix C. 'The calculations follow this general course:

Starting with the first cog s mbol in the Inventory File, quantities
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of interest are computed by linear interpolation between tabled values.
The weighted'sum of referrais and replenishment requisitiors leaving each
echelon is used to-estiaiate the throughput time in the echelon and the
workload entering the succeeding echelon. From average availability an
throughput time-distribution the average and distribution of response
time is computed.

Other quantities of interest, such as total- echelon inventory and,
workload and incremental cost of improved performance, are computed and
displaiyed at the user's option.

incremental costs are handled in two ways: (a) as the specific
amounts of additional salaries, capital equipment purchases, and other
costs that must be incurred to increase the level of service above that
in the base (i.e., current) case or (b) as the difference in margina.
cost of holding inventory, carrying items, issuing and receiving material,-
and referring requisitions between the case under study and a base case.

3. Outputs.

A sample ofeach of the four sections of output is contained in
Figure V-5. The first part simply describes the inventory cases used
in the particular run and the str'cture of the remainder of the report.
Part 2 supplies the average requisition response time of these commodities.
The third and fourth parts, both optional, display the difference in
resource requirements and in marginal operating costs between a base
case and the case under consideration-.

F. Converter

The last -n the chain of 5 computer programs developed for S is the
Converter, whose basi- function is to convert requisition response ti'me
distributions Into supply response time distributions and estimates of
equipment operational "vailability. The program runs and produces results
by equipment for as many equipments as are included in the-data base.

I. Inputs-

The information required to operate the Converter comes from three
sources:

. The Synt,,esizer, whose principal product, distribution of requisition
response time for each of 15 cog symbols, is-a major input to the Converter.
The requisition response time for part-numbered requisitions is computed
manually and fed in standard format to the Converter

A maintenance profile for each equipment of interest. A special'
program designed for the study analyzes each' equipment's maintenance
history from the '-M Data Collection System and computes frequency dis-

tributions of (a) number of parts required per maintenance action and
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(b) relative appearance of cog symbols (including part-numbered items)
in maintenance actions. F'qure V-6 illustrates a typical maintenance
profile.

° A special NAVSHIPS program which computes mean time between failures

(MTBF) and mean time to repair (MTTR) for each equipment. However, these
values can be supplied from any-source.

The user may modify any of the three frequency distributions -

requisition response time, parts per repair, or cog symbols per repair.
He also selects the equipments in the data base for analysis and the
number of maintenance actions to be simulated per equipment.

2. Procedure

Essentially, the Converter performs aMonte Carlo simulation of up
to 1000 possible corrective maintenance actions on a particular
equipment, employing these major steps:

a. Read in an equipment record

b. Generate a random number to determine the number of parts
required in the simulated maintenance. The number of parts to be
used depends on the random number generated and the frequency dis-
tribution of parts contained in the maintenance profile.

c. For each of Lhe parts to be used in the repair, generate another
random number to decide the cog symbol of the part needing replacement.
Note that the cog symbol selected is also a function of the data in the
maintenance profile and that a single cog symbol may be selected more
than once.

d. For each part selected, generate a third random number to
decide when the part will be received by the mechanic. The time
selected will depend on the response time frequency distribution
calculated in the Synthesizer.

e. If no parts are required the supply response time is zero.
If. 1 part is required, the response time is simply the time selected
in d above.

f. If 2 or more parts are required, calculate times as in d above
for all but the last part and retain the largest number.

g. Before the time to requisition the last part is computed,
generate an additional random number to decide whether this corrective
maintenance action will be subject to serial requisitioning -- the
requisitioning of needed parts in 2 batches rather than a single batch
at the time of initial failure diagnosis. If serial requisitioning is
to occur, then the supply response time is the sum of the time selected
for the last part and the result of step f. If serial requisitioning
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* MAINTENANCE ACTION PROFILE

APL 570366300 NOMEN AN/SPS-1OF RADAR SET
MTBF = 418.00 hrs. MTTR 3.50 hrs.

PARTS PER MAINT ACTION COG USAC DISTRIBUTION
DISTRIBUTION

NR PARTS NR ACTIONS FREQ% C G-TTS-USED FREQ(%

0 277 0.3700 1A 0 0.0000

1 245 0.3280 IH 5 0.0040

.2 89 0.1190 IN 27 0.0214

3 42 0.0560 2A 0 •0.0000

4 29 0.0390 2H 1 0.0008

5 18 0.0240 2N 9 0.0072

6 16 0.0210 4G 0 0..0000

7 11 0.0150 4N 0 0.0000

8 3 0.0040 9C 8 0.0063

9 3 0.0040 9G 69 0.0549

10 or more 15 0.020a 9N 1067 0.8509

9Q 1 0.0008

9Z 62 0.0493

PN 6 0.0044

*Other 1

*Not considered by Converter

FIGURE V-6
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CONVERTER OUTPUT

570366300 AN/SPS-1OF RADAR SET MTBF = 418.00 MTTR 3.50

S(DAYS) FREQ S(DAYS) FREQ S(DAYS) FREQ

0 .3640 i7 .0150 46-50 .0040

1 .2480 18 .U140 51-55 .0110

2 .0060 .19 .0110 56-60 .0050

3 .0160 20 .0220 61-75 .0040

4 .0050 21 .0100 76-90 .0090

5 .0150 22 .0080 91-105 .0010

6 .0080 23 .0130 106-120

7 .0170 24 .0110 121-135

8 .0080 25 .0130 136-150

9 .0080 26 .0070 151-180 .0010

10 .0110 27 .0060 181-210 .0020

11 .0110 28 .0070 211-240

12 .0150 29 .0070 241-270

13 .0080 30 .0030 271-30()

14 .0100 31-35 .0090 301-330

15 .0130 36-40 .0160 331-360

16 .0120 41-45 .0070 360

MSRT 8.86 DAYS VARIANCE = 76.93

AVG PARTS PER MAINT ACTION 1.54

OPERATIONAL AVAILABILITY A(O) 0.6592

FIRST PARTIAL DERIVATIVE DA/DS -0.0250
570366300 HAS BEEN SIMULATED. FIGURE V-7

V-26



is not to occur, the supply response' time for the repair is the larger of
the requisition time for the last part or the result of step f.

- h. When the desired number of maintenance actions has been simulated,
compute the mean supply response time (MSRT) and its variance, operational
availability, and the rate of change of operational availability with
respect to MSRr.

i. Repeat above steps for next equipment.

3. Outputs

The outputs of the Converter program are, for each equipment:

The nomenclature and component identification number (CID) of

the equipment.

o The distribution of supply response time.

o The mean supply response time and its variance.

° The mean time between failure (MTBF), the mean time to repair (MTTR),

and the mean administrative delay time (MADT).

o The equipment's operational availability and the first derivative

with respect to MSRT.

Output for a ',ypical equipment is displayed in Figure V-7.

V
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VI. ANALYSES AND EXPERIMENTS

This Chapter reports the results of two parametric analyses and
sev&ral experimen-s conducteo during the course of 4. The anal-
yses and experime..ts were performed to:

demonstrate the kinds of problems that can be illuminated
with the tools d,. :eloped durin, 4.

supply answers raised by potential users of S4 computer
programs.

develop a basis fir further detailed analyses in specific
areas of supply support.

All of the analyses and experiments have been run on early versions
of the Inventory Simulators and Synthesizer and have relied on
observed, vice computed, values of throughput time. This fact
detracts neither from the demonstration function no from the
ability to indicate areas needing further study.

A. Parametric Anlyses

1. Analysis of Requisition Response Time

Estimates of throughput time and of gross availability, observed
or constructed as described in Chapter V, were supp!,d to the
Synthesizer for the computation and analysis of requisition response
time. The purposes of the analysis were to:

o provide benchmark estimates of requisition response time
for comparison with values from other' sources.

ocompute the direct contribution of each echelon to the
satisfaction of ebd-use requisitions, in terms of both probability
of satisfaction and time to satisfy.

uestimrate of effect on requisition response time of marginal
changes in availability and throughput time as a basis of further
detailed investigation.

The parametric analysis provided a wealth of detailed information,
summarized in the following paragraphs.

Table VI-l contains, for each cog symbol, the requisition
response time computed by the synthesizer and the unweighted average
decrease in requisition response time resulting from (a) a one
percentage point increase in gross supply availability at an echelon

VI-'
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AVERAGE AND MARGINAL CHANGES

IN REQUISITION RESPONSE TIME

Based on Observed Availability and Throughput Time

COG SYMBOL REQUISITION IMPROVEMENT IN RESPONSE TIME DUE TO
RESPONSE TIME Raising Availability Decreasing Processing

1 Percentane Point Time 1 Day

1A 19.56 days 0.22 days 0.10 days
1H 10.23 0.18 0.07
IN 8.51 0.10 0.06
2A 19.31 0.20 0.08
2G 17.65 023 0.09

2H 23.68 0.32 0.08
2N 33.02 0.43 0.08
2U 13.69 0.20 0.06
4A 12.12 0.15 0.10
4G 13.33 0.19 0.08

4N 15.43 0,19 0.10
9C 9.85 0,13 0.07
9G 6.11 0.07 0.06
9N 4.77 0.07 0.04
9Z 6.19 0.06 0.06

TABLE VI-l

and (b) a one day decrease in throughput time at any echelon. An
identical increase in response time would result from the same changes
in the opp6oi-te frection, The unweighted averages are the sums of
the marginal improvements at each echelon divided by the number of
echelons. As such they cannot be manipulated mathematically but do
give a general irA, ,ation of the commodities in which a given increase
in availability or decrease in throughput time would have the most
benefit.

The table suggests that, generally speaking, DSA managed items have
the shortest response times, APA items the longest, and NSA items
intermediate response times. The table also shows that there is a
close correlation between response time and the improvement in
response time resulting from a one percentage point increase in
availability.

On the other hand,reductions in throughput time have, on tie
average, about the same effect on response time, regardless of the
cog symbl. Such is not the case for improvements in througnput time
for all cogs in an echelon, as Table VI-2 demonstrates,

VI-2



AVERAGEDECREASE INREQUISITION RESPONSE TIME

DUE TO ONE DAY DECREASE IN THROUGHPUT TIME

ECHELON WITH DECREASED IMPROVEMENT IN
THROUGHPUT TIME RESPONSE TIME

Shipboard Negligible
MLSF 0.19 days
Screening 0.02
Stock Point 0.15
ICP Referral 0.09
ICP Backorder 0.03
ICP Spot Buy 0.01

TABLE VI-2

Improvements in processing time at the mobile logistic support
force and stock point echelons offer the greatest benefits to response
time.

The sort of information developed during the parametric analysis
is illustrated in Table VI-3, which gives detailed data for the cog
symbols with the shortest; and the 'longest response time, It shows
that at least hallf the mechanic's requiremnents are satisfied with-
in a few hours and that 75% to 95% are supplied in 30 days. It
also reveals the effect of shipboard availability and long procure-
mnent, leadtimes on overall response time.

2. Analysis of Operational Availability

Approximately 275 eqvipnients were selected for an assessmen-4
of the effect on operational availability of changing supply relpo-Ase
time. Criteria for equipment selection were:

oThe equipment appears on an OPNAV listing of essential
weapons dated 27 Aprii 1971.

oThe equipment is one of the top ?5 composite 3M/CASREPT
equipments in termns of fai'ures appeari ng in either the October 1971
or January 1972 edition of NAVSHIPS Problem Detection Report.

otn The-generic equipment is indicated in the 3-M Inforimtion
Sf~eydi mont Identification Code 'aster Index tY

ofct l
iq-T~i T-as Xa) ' -.alled in large quantioties in the fleet and

(b) involved in at st one casualty in the year ending 30
September 1971 as inuicated in CASREPT HM&E Statistj.SL.yi9l
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Number, (RCS SUP 440.27-75) of 30 November 1971.

of.Operational availability is, by definition, the percentage

of total time in which an equipment is capable of being operated.
This does not mean that it is in fact being operated throughout
this percentage of time, but only that it is functional should
its operation be required. A may also be defined as the ratio
of uptime to total time. Symtolically,

A0  tm MTBF 1
Tota Time MTBF + MADT + MTTR + MSRT

where: MTBF = mean time between failure
MADT = mean administrative delay time
MTTR = mean time to repair (active repair time)
MSRT = mean supply response time

The rate of change of Ao with respect to MSRT is given by the
first partial derivative.

A-- - MTBF (2)
7T SRT) (MTBF + MADT + MTTR + MSRT)2

Given values for the variables MTBF, MADT, and MTTR for each
equipment, one can then vary MSRT over some plausible range to
note the effect on Ao. Obviously, Ao varies inversely with MSRT;
however, a graph of A, versus MSRT can point out the impact on
availability of reduc~ions n MSRT. Such a graph can also isolate
an equipment whose reliabilit- is either so-good or so bad as to
rule out improvement of MSRT as a means to improve Ao significantly.

MADT is not available on an equipment basis. The 3-M system
does classify deferred maintenance actions by major headings, some
of which are normally considered to be administrative delays (deferred
for eo, side assistance or deferred due to ships operations), but the
elapseI times on such maintenance actions when completed consist of
administrative delay time, repair time, and mean supply response
time, i,e., the entire downtime. Thus,it is not possible to measure
MADT directly frnm the available data. As a result, equations (1)
and (2) should more properly be wr-iten as follows:

Ao W MTBF (3)

MTBF TTR-+ -MTS-T*

a Ao  MTBF (4)

575 WT hRT1_1TTR + ST*)2

where: MSRT* MSRT + MADT

VI-5



MSO is currently involved in..,a.-esearch project involving the
NAVSHIPS MDCS (Maintenance Data Collection Subsystem), a package of
experimental computer programs developed for'NAVSHIPS by Computer
Sciences Corporation, MSO is tasked with conversion of these
experimental programs to operdtional programs which make use of
3-M data. At the inception of the S4 project, there existed no
technique to compute the MTBF and MTTR vital to.MSO's participation
in the project;-\however, the NAVSHIPS MDCS includes a computational
module capable of computing MTBF and MTTR. It was determined to
make use of this programn even with the realization that no ordnance
equipments could be input. , ...

The 120 NAVSHIP& equipments for which equipment identification
codes (EICs) could be found were input to the NAVSHIPS MCDS program
to obtain their respective MTBF and MTTR in hours. The output
listing, however, contained only 77 entries; the primary cause of
incompleteness was the fact that the inteqiral cross-reference list
which allows hatching between EIC arH component identification code

* and ship had not been kept current. Of the 77 output entries, only
38 had-both required pieces of data. Values of MTBF were missing
in those cases where neither steaming hour nor operating hour
informatiun had been recorded.

Thus, of the original 275 equipments, only 38 had the necessary
data for the parametric analysis. For these, eqiations (3) and
(4) were evaluated for values for MSRT from 0 to 120 days and the
curves plotted directly on a Cal-Comp 76' Digital Flotter at MSO,
with results exemplified by Figures VI-1, V12, and U-3..

" is as much a function of engineering reliability as it is
of MSRT. Thus, there exist two different reasons for th! inability
of MSRT to significantly improve Ao: either the equipment hardly
ever fails (as reflected by a very large MTBF) or it hardl, ever
works (as reflected by a very low MTBF). In either case tk.2
significant improvement of A by supply means alone Is hopeless -

in the first case (hi gh MTBF3, happily unnecessary, and in the
second case (low MTBF) unhappily true. For this reason, equipments
can be segraged into three groups with respect to MSRT: (1) those
equipments for which A0 can be significantly improved by effecting
lower MSRT (typified by Figure VI-1), (2) those equipments whose
reliability is so high as to insure very high Ao regardless of MSRT
(See Figure VI-2); and those equipments (of which Figure VI-3 is an
example) with such a short average time between failure that even
reduction of MSRT to a scarcely credibl 5 days produces an A of
only about .50 to .60. The distributiot of analyzed equipments
is about equal among these three groups.

B. Completed Experiments

At the S4 Users Conference held at ihe Fleet Material Support

V 1 -4
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Office on 7 February 1972, many proposals were made co,,cerning
the design and capability of the S" programs and experiments that
.might be run on completed 'programs. The results of running many
of these experiments as Well asthose suggested subsequent td the
conference are described ih this section. A few experiments
were not completed for.lack of time; these are listed in Section C.

Experiment I - Eliminate all items from COSALs that appear
solely becauise they are technical override (TOR) items.

Ire structure of the FLSiP COSAL model allows items to be
included on the COSAL "nder 3everal criteria:

o Demand* An item has a predicted shipboard demand of one'or
more units in 90 days. Depth is determined by demand rate.

c Insurance. An item has a predicted shipboard demand between
0.15 and 4 units per year. Depth is 1 minimum replacement unit.,

o Override. An item is identified as being required in the
execution uf a preventive maintenance plan (i.e., a PMR) or an item
has br :n identified by a hardware systems command to be included in
the on-board allowance (i.e., a TOR). Depth is 1 minimum replacement
unit. Only the latter group of the override items is the subject-
of this experiment.

The data used in the analysis are applicable to six different
ships representing a diversity of ship types. The statistics,
displayed in Table VI..4 represent summary data applicable to the.
current FLSiP COSAL which includes.TOR items. The availability
measure represents gross requisition effectiveness resulting from
simulatinq the six ships using actual usage data Ps reported to
the 3-M system.

SUMMARY STATISTICS FOR THE BASIC FLSIP COSAL

DOLLAR VA,.UE SIMULATED
SHIP IT' ON COSAL OF INVENTORY ($000) AVAILABILITY (%)*

AOE-3 8,505 $ 373 48%
CG-10 30,123 2,408 55
OD-933 l2t993 000 45
DDG-35 18,964 1,294 52
DLG-15 ?1,274 1,350 56
LPA-249 11,506 304 49

TABLE VI-4

*Based on all demands riot Just those reported :. relating to specific

equipment.

VI-10
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Th first step i n the experiment was to remove all items
included in~ thc COSAL so!lely becalise they were TOR iterns. As
Table VI-5 indicates, a few itemE desutgnated as TOR by a hard-
ware systers corriin e also- qual i. . dem-3nd or -insurance based
i tevms.

RESULTS OF ELIMINATING TOR UI7CATION

TOR MIGRATION P1ItbATON.._TOR TOR PERCENT
SHIP CANDIDATES TOR TO DEMAND TO INSU,!ANC*,!. ELIMINATED .ELIMINATEL

A"Y- 3 1.54 1 39 114 741't
CG-l 5,633 23, 97 55398
OD-93- 2,201 17 5.5 2,129 97

_DDG-35. 2,576 .Q8?-2,474 9
D!iG-l6' 3,171 13 99 3O5 9
LPA-249 1,361 7 1,342 99

TABLE VI-5

TRTables V1-6 and VI-7 show the consequetc-js uf-removing pure

* Ta h.Ie VI-6 indicates that the dollar value reduction across
all ships in -.e sample was approximately 18%, but that the reduction
per- ship ranged from 2 to 23 percent. It also shows- th~t the largest.
reductions -o-curred-on ships with mh,-sile systems, (i.e,. CG, DOJG,
DLG). If one :onsicers the cognizance o~f material one finds that'
large reductions occurred in N and A cog. This. predominance *o,
e'ectrois and ordnance mat~erial indicates th-at the policy ofaddi ng
TOP~s to-insure that Surface Missile Sy.stems repair part-s are included
in-the FLSIP COSAL is being- followed.

Tal I rvasthat the reduction in. gross availability and
theinceas inrequisition response time are by no.means commensu~rate

WIkhinventory reductions.

The way t!) achieve the savings inferred by this e~'periment-would,
*be (1) to fai'l to replenish a TOR item as soon as it is issued from:
the ship's storerocrqland to delay ordering until another end-use

* requirement arises'for the part and (2) to exclude TOR iterns~roir
the proviloining of new equipmLents,' (Removal of TOR-Itens physically
stocked aboard ship is n~ot efficient because it incurs transportation
-and material-handling costs now and requisitioning delays in the
future, both of whi.^h would. nve been avoided if the material had
remained aboard ship.) Although there are no fi rm statistics
available on this point, it is rea 'sonable to assume that, becaus~e
of equipment redes5ign arid replacement,fnew and ifrn O tm
would-he provisione.d over the-coming WO years to rLpjlace allI'those
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REDUCTION IN S-HIPBOARD INVENTORY VALUE

-IN THOUSANDS OF DOLLARS IN PERCE14T

COG AQE CG DD DDG DLG LPA
3 10 933 35 16 249

1A - 2 1 86 1 -

1H 3 3 6 3 8 1 5
1 N - .184 14 72 153 10 43
2A - 14 3 30 8 -17

2H7 5 5 --- 18
2N - 103 1 21 92 -'23

2U_ - 2' - 2 2. - 3

4G - 4 4 '3 5: 6 13
4N - 67 6 10 16 510
9C 1. 2 2 2 2 -. 3
9G -. 8 4 4 3 12
9N, - 52 ~13 19 26 9 18
9z- 2 -1 - 10 10

TOTAL 11 448 59 253 316 42

REDUC. 2% 18 16 19 23 1318

TABLE VI-6

CHANGE IN GROSS AVAILABILITY AND RESPONSE TIME

COG GROSS AVAILABILITY REDUCTION RESPONSE
TIME INCREASE

AQE, CG D D DDG DLG LPA OVERALL
3 10 933 35 16 249 AVERAGE

IA - 1% - 2% 1% -. 6% 0.2 da
1H. - - 0 0.0
1N - 6 2 11 3 b 4.5 0.91'
2A - 2 - - - -. 3 0.1
2H - - - 2 6 1.3-0.
2N - 7 - 16 17 9 8.1 5.3

211U- - 0 0.0
4G - 2 11 - 6 3 3.6 0.9
4N 4 5- 1.5 0.5
9C 1 1. 2 15 0.1
98 1 1 5 , 1.3 0.2
9N I I 1 Is 1. 0.1
9z - 4 - 1 1 - 1.0 0.2

ALL 0 1 1 1 1 1 1 0.3
COGS

TABLE VI-7
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now aboard ship, if the TOR policy did not change. Itilt did
change then an average -of $188,000 would be saved per ship over
the among 10 years, as indicated in Tabel VI-6. Of course, any
general rule must have exceptions and it is certain that some TOR
items would, for valid reasons, be provisioned in the future. Assume,
in fact, that 50% of those provisioned under previous rules will
continue to be provisioned. Then the gross annual dollar savings
for the 60 ships in the Sixth Fleet is: $188,n00 X 0.5 X 0.1 X 60
or $564,000._

Offsetting this gross saving is the possibility of additional
CASREPT requisitions to be processed in the Sixth Fleet. Table VI-7
suggests that absence of TOR items will increase requisitions leaving
the ship by about 2 percent (say from between 40 and 60 percent to
between 41 and 61 percent.) Assuming CASREPT requisitions increase
in proportion and assuming the MATCONOFF cost P er requisition is

4 $8.68, the annual increase in CASREPT requisition screeni'ng cost
is less than $1000.

Against the net dollar sain of $563,000 per annurk is a
malificence (or negative beief tj of O.l5days increase in response

tie'or every part needed by a mechanic if'only half the "OR
items are removed. Of course, this response time increase could be
mitigated by stocking one unit of each TOR item on the APS or, at even
less costlat NSC Norfolk. Time did not permit analysis of the cost or
reduced ralificence of either of these approaches.

Oul prirnent 4 -This experiment assumes that the MATCQNOFF
screen uhTnhEt on terminates,-thus requiring the 5,700 high
priority requisitions now filled by Sixth Fleet ships annually to
be referred to NSC Norfolk. Under one assumption* NSC Norfolk has
a range and depth of stock at least equal to that of all Sixth
Fleet ships combined. Undtr a more restrictive assumpt1-,,.j-'hrfolk
would provide no higher an availability* in percentage terms-, tha.t'
it now does. These two assumptions form the basis for the mfni#PnM
and maximum delays, respectively, shown fin the third arid 'tWrN
columns of Table V1-8. The average-delays overall cr -inodities 'gre
0.27 days and 0.45 days.

The specified delay is the averMg additional delay spread over
all end-use requisitions, ev'en those'satisfied from shipboard stock.

"J. The average delay ranges from 0.11 to 1.72 days. In fact, only a
portion of the requirements would be delayed$ inasmuch as (a) most
requirsments are sa~isf~ed aboare ship or from the AFS and (b) others
would not have been satisfied by screeiing in any event.

inw"'Those requisitions actually delayed in filling by the absence
of the MATOONOFF screening are delayed a considerable time as the



EL!IIAION OFYATCON0FF SCREENING OF HIGH-PRIORITY REQUISITIONS

COG SYMBOL CURREN~T AVERAGE UlJLAY TO ALL END- MINIMUM DELAY TO
RESPONSE USE-REQUISITIONS HIGH PRIORITY
TIME Minimum Maximum REQUISITIONS

1A 19.56 da. 0.32 da. 0.68 da. 13.4 da.
IH 10.23 0.39 0.82 14.1
IN 8.51 .0.11 0.57 19.7
2A 19.31 0.27 0.68 14.2
2G 17.65 0.24 0.76 7.3

2H 2:3.68 0.20 1.53 4.8
2N 33.02 0.57 1.72 16.2

2U 1.69 .22 .6210.44A 12.12 0.07 0.26 2.34G 13.33 0.68 1.16 19.0

4 15.42 0.16 0.74 3.4
9C 9.85 0.35 0.61 18.3

9G 6.11 0.13 0.16 20.3
9N 4.77 0.29 0.31 19.4
9z 6.18 0.17 0.19 14.7

TABLE VI-8

last column in Table VI-8 indicates, By finding a source of
material within the Mediterranean for over 60% of the requests
sent to it, the MATICONOFF avoids at least 105,000 requisition days
of delay annually on requisitions that are presumably associated
with ships' casualties. It does this at a direct cost of less
than $50,000 per year.

Expermn - This experiment addresses the exclusion of
NSC W61rfoTI ro support of the Sixth Fleet Tor OSA Material.
There are two conditions tinder which this could occur. In the
first situation, the stock now at Norfolk would be transferred to.
one or, inre OSA prime depots. As a result, the cumulative gross
availability after requisitions have passed throug te prime depot
eche'l-n would by 11entical to its cur-ent vawue. Requisition delayswn&.ir this assumpliont are shown in the upper half uf Table VI-9,

-.i'r the heading "Ainimum Delay". The table shows the average
-rlay to all end-use requis'itions, the percent of total requisitions
.t.ually' Mayed, and the average delay to these requisitions.
'.T~ie delays irv the last column of Table VI-9 are not incompatible
wi 1,, thc data in Figure V-4 -which suggest that requisitions sent
directly to a DSC would take 3 to 10 days longer to fill than onesfilled at. p NSC, Norfolk.) Note Wm"t "all" requisitions include those
sat~sfled aboard ship, for LUA :ogs, 1/2 to 2/3 of the demands have
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ELIMINATION OF NSC NORFOLK AS END-USE REQUISITION

SOURCE FOR DSA MATERIAL

COG CURRENT AVERAGE DELAY TO REQUESTS DURATION
SYMBOL RESPONSE TIME ALL REQUISIT IONS DELAYED OF DELAY

A. Minimum Delay

9C 9.PS days 0.69 days .9. 1% 7.60 days
9G 6.11 0-44 7.8 5.68
9N 4.77 0.25 6-.2 4.00
9z 6.18 0.54 10.4 5.23

B. Maximum Delay

9C 9.85 days ~- 2.20 19.8% - 11.11 days
9G 6.11 -09711.7 8.29
9N 4.77 0.44 9.7 4.54
9z -.18 0.80 14.6 5'.48

TABLE VI-9

historically been satisfied aboart shitp.

Under the second possible situation either (a) the DSA stock
Norfolk now carries would simply disappear or (b) Sixth Fleet end-
use-requisitions would bypass Norfolk and go directly to DSA for
processing. In eithfer event, the availabilities of the various
OSA echelons are assumed to remain constant. The consequences of
these assumptions are contained in the lower half of Table '11-9.

With respect to cost reductions resulting fromi removing NSC
Norfolk from the chain of supply, three situations are possible:

o If the DSA inventory is transferred to DSA depots, item
management costs and receipt ccsts at Norfolk will be avoided,
saying $1,185,000 p -year. This saving may be offset by possibly
higher unit issuing costs at DSA and increased trans-portation costs.*
Furthermt. e, Second Fleet and Shore Establishment customers of Norfolk
may suffer greater degradation in service than Sixth Fleet users.

~FT~i~ar s t e Cts andiZ e Lee _s Aso id wi t7M
Two Al ter v tanWT h OTt-rbtion C ncs: ni f~
'n -Thayi a oehZ~~ ~ ruary 197

Nt 4T6-ayi op;Pl lo r u



I f the Norfolk inventory is eliminated by attrition, then
a net of $8 million in reduced holding costs can be added t-o the
above. 1"ie comments given above about reduced customer servic-e
apply.

oIf only Sixth Fleet requisitions are sent directly to DSA, themaximum savings are $33 .OOO annually, reduced by any possible increases
in transport ,Lion costs.:and requisition processing costs at DSA.

2 Construction of the above costs is shown in Table V -o

xerment 6-In this experiment the effects of reduction in
Communh ion, processing and-delivery times below the wholesale
echelon are investigated. The results-ars displayed in Table VI-il.
Clearly, one day saved in communication to or shipment fromi' CONUS
promises greater benefits than one day faster delivery from the
AFS because the.CONUS echelons collectively supply more m-_te'ial
than does the AFS alone. Furthermore, there are more alternatives
available when trying tc reduce CAjUS throughput time than AFS time..
In achieving response time savings one would want to reduce th4t
segment of requisition/material processng which produce.s a day's
saving at lfhast cost.

Ex o.~rint 7 -The objective of this experiment is to reduce
inventl~orynvestment at the wholesale level by reducing the range
of items carried while at the same time minimizing the impact of
range reduction on gross availability and response time. This-
Is accomplished* by:

o Computing for each iten on the stock list the probability
that one or more demands will occur during a leadtime. Mathematically
this is(I-~~if iiii?

oDivide th bv yteunit price of the, Item to dete mtine
the probability of leadtime dem nd per dlr Invested in e hi tem.

oIf the above 4uotlent is greater than an arbitrary number, X6
keep the item on the stock list. 'If it is not, remove the itolm.

As X increases, fewer and fewer items meet th1e requirement and
thestok istshrnk.. ecasethe Navy does not now apply sucha

.Provisionn of Wivranci
WTrattonT. aque'..t FlidfTo Group, November 147
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COST CONSEQUENCES OF CHANGING

- - NSC NORFOLK'S SUPPORT MISSION

COG ITEMS NSC NORFOLK INCOMING REQUISITIONS .-REPLENISHMENT
SYMBOL ~TOCKED INVENTORY l/ NOW SATISFIED-PER MONTH ACTIONS

($000) - Total Sixth Fleet PER MONTH 2/

9C/AX 6,742 18,315 13,595 446 1972
9G/CX 36,585 14,929 13,060 397 1838
9N/TX 137,969 -31,101 38,938 889 5955
9Z/KZ 67,655 3,802 27,857 651 2493

TOTAL 248,951 68,147 93,450 2,383 12,258

Annual $ 197 $ 9,1O0 $ 1,312 $ 33 $ 988
Marginal
'Cost 3/
(SOuuT

1/ As of 31 December 1971.
2/ Includes MTIS receipts,
3/ See section IIA,-B for unit cost estimates.

T'Lv VI-lO

EFFECTS OF REDUCED COMMUNICATION,

PROCESSING, AND TRANSPORTATION TIME

COG CURRENT BENEFIT OF ONE DAY SAVED
SYMBOL .RESPONSE TIME On All Requisitions On Delivery.

Referred to CONUS From AFS

IA 19.56 day,; 0.46 days 0.14 days
1H 10.23 0.18 0.22
IN 8.51 0.19 0.19
2A 19.31 0.40 0.09
2G 17.65 0.43 No Data

2H 23.68 0.36 0.12
2N 33.02 0.48 No Data

13.69 0.30 No Data
4A 12.12 0.46 No Data
4G 13.33 0.21 0.26

4N 15.42 0.40 0.09
9C 9,85 0.19 0.19
9G 611 0.11 0.22
9N J.7, 0.12 0.14
9Z 6.18 0.15 0.21

WEIGHTED AVG. 8.13 days 0.14 days 0.17 days

TABLE VI-11
VI-17



.. rule, one can think of current policy as using a value of zero for X.

The stock list experimeot was run for two commodities -- 1H,
consumable ships' mechanical parts, managed: by SPCC, and 2N, repair-
able ships' electronic components, managed by ESO. For each
commodity a base case was run, assuming that the current stock
list constituted 100 percent of the items that could be stocked.
Other base case values are:

COG SHIIRTAGE COST STOCK-OUT RISK
Maximum Minimum

IH $ 25 .50 .01
2N $ 10 .99 .01

Table VI-12 contains the results for the base case, three
values of X other than zero and the effect of changing shortage
cost or risk constraints. Clearly, as the value of X decreases,
line items stocked, gross supply availability, and inventory in-
crease; requisition response time diminishes. It is interes'1I to
note that, as in the last case of 1H cog,.a large (20 fold) in-
crease in shortage cost has little effect on performance, This
phenomenon, discussed more fully in connection with Experiment 8,
results from the low ceiling (0.50) placed on risk of stock-out.

EFFECT OF CHANGES IN WHOLFSALE STOCKING CRITERIA

CASE STOCKFU ITEMS GROSS AVERAGE RESPONSE
AVAILABILITY ON HAND TIME

1$ Cog

Base Case 100 % 91.5 .% $120.5 M 9.67 da.
X -. 02 326% 66.4 % 66.65M 12.04
X = .000 44 % 81,6 % 89.7 M 10.6
X = .00002 45 % 82.9 % 98.4 M 10.48
X - .00002 , 45 % 83.3 % 99.5 M 10.44

Base Case 100 % 62.5 % 15.04M 34.04 da..
X ..002 16.2% 25 % 1.95M b6,40
X = .0002 35 % 52 % 10.8 M 40.45
X - .00002 36 % 54 % 11.65M 39.25
X ..00002 ?J 36 % 62.1 % " .20M 36.15

High shortage cost ($500) used.
Max risk is 0.50 vice 0.99.

TABLE VI-12

VI-18



The data on 2N cog lead to several interesting conclusions.
First, one can, by stocking a little more than 1/3 of the items
presently carried and by changing no other policy variable, achieve
a requisition response time only 5.2 days greater than that now
enjoyed. Second, stock range and shortage cost are'not the only
determinants of performance. The last two cases for IN cog vary
only in that the ceiling on risk has been lowered from 0.99 to

.. 0.50. The result. is a significant increase in inventory and a
significant improvement in performance by either of two measures.
The final conclusion from Table VI-12 is that policies which lead
to equal performance by one standard do not by another. The last
case and base case for 2N yield almost identical gross supply
availabilities and inventory values, yet the requisition response
time under the current policy of broad stockage is significantly,
superior. This is due to the fact that in 2N cog a backordered
requisition for a stocked item can be satisfied in 149 days, where-
as spot procurement of a not-carried item--requires 226 days.

The most severe reduction in stock range-displayed in Table IV-12

should produce the following annual dollar savings:

H2N Co

Item management savings $ 1,118,000 $ 41,000
Inventory holding savings 7,270,000 1,767,000
Spot buy costs - 1,783,000 - 35600
Net Savings $ 6,605,00 $1804,000

Experiment 8- This experment investigates the effect on
performance of two important policy variables used in wholesale
inventory management -- the implied shortage cost and the constraints
(floor and ceiling) on :he risk of stock-ou- computed using a
particular shortage cost. These v riables, the pri'me determtnants
of safety stock and hence supply availability, are locally controlled
variables in the Navy's Uniform Inventory Control Pint ADP System.
The only restriction placed on the TCPs is that the variables be
set so as not to exceed funas allotted to the ICP.

Experiment 8 was conducted for four of the commodities in
the S4 study. Tne results for two cogs are shown in Table VI-I3;
results for the remaining two cogs are quite similar, For both
commodities in Table VI-13 the minimum allowed risk is 1%. The base
case represents the policies in effect at the time the experiment
was run.

From the basic data in Table VI-13, many possible comparisons can
be made; three will be discussed here.

(a) Reducing IH investment from $120.5 million to $92.5 million

Increase in response time 1.63 da.
One-time investment saving $28 million
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EFFECT OF CHANGES IN SHORTAGE.COST

AND'RISK CONSTRAINT AT ICP

CASE GROSS AVERAGE RESPONSE
Short Cost Max. Risk AVAILABILITY ON HAND TIME

1H COG

$200 0.50 91.9% $121.OM 9.66 days
25* 0.50 91.5 120.5 9.67

0.01 0.50 90.2 118.5 9.79
200 0.99 86.9 105.0 10.10
25 0.99 81.8 97.0 10.56

0.01 0.99 73.6 -92.5 11.30

4N COG

500 0.50 86.3 54.2 8.23
500 0.99 b3.4 40.8 8.49
150* 0.99 78.5 38.9 8.70

0.03 0.99 54.7 34.3 11.02

*Base (i.e.,.Current) Case

TABLE VI-13

Continuing saving in holding costs $3.78 million/yr.
Increased spot buys, assuming
proportional increase in spot
buys as availability drops 35,164/yr.

Increased spot-buy cost $1.28 million/yr.
Net savings 2.5 million/yr.

.(b) Reducing 4N investment from $38.9 million to $34.3 million

Increase in response time 2.32 days
One-time investment saving $4.6 million
Continuing savings in holding cost $.62 million/yr.
Increased spot buys 1228/yr.
Increased spot buy costs $.05 million/yr.
Net savings $.57 million/yr,

(c) Increasing 4N investment from $38,9 million to $54.2 million

Decrease in response time 0.47 da.
One-time investment increase $15.8 million
Continuing holding cost $2.07 million/hr.
Decreased spot buys 403/yr.
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Decreased spot buy cost $.02 million/yr.
Net cost $2.05 million/hr.

Looking at the figures in Table VI-13 more generally, it is
possible to draw several conclusions. The most obvious is that the
law of diminishinig returns applies to Navy inventories. In iH cog
$4.3M would "buy' three-fourths of a days response -time if response
time were now 1I.3 days. On the other hand, a third that mount
,i,5M) buys onli 0.12 ddys response time when the average response

time is 9.79 day;. Hence at IIz3 days response time a dollar of
inventory is twize as useful as it is at 9.8 days response time.
The reduction in marginal utility 'f inventory is even more dramatic
in the case of 4N mpterial.

The second conclusion of the experiment is that the maximum
risk constraint (especially when set at 0.50 so that, practically
speaking, no iten has a negative safety level) has a profound
influence on inventory and performance. In the first 3 cases for
lH cog rYcither iwestment nor performance vary significantly, despite
the fact that shcrtage cost varies by a factor of 20,000.

Third, equal olicy settings do not produce equal performance
in different inventories. Current management of 4N material leads
to gross availability of 78%; roughly the same polices (shortage
cost of $200 and maximum risk of .99) would lead to almost 87%
gross availability in 1H cog.

Even wre startling is the fact that this higher gross avail-
ability in lH cog leads to a significantly longer mechanic's wait
(1.4 days longer) than in 4N cog. This situation may be the result of
heavier stockage (at unknown cost) of 4N matzriai at lower echelons.
Whatever the case, the final conclusion of the experiment is that
gross availability at the wholesale echelon is not the sole
determinant of the mechanic's delay time.

For ]H cognizance material, experiments 7 and 8 combined reveal
the consequences of a wide variety of management strategies. These
are plotted in Figure VI-4. Current performance lies near the
lower end of the curve marked "MAX. RISK = 0.50". Given the present
average inventory of 1H cog (about $120 million) there appears no
reason to change management strategy. Increasing the maximum risk
to 0.99 would probably achieve current results but would be
psychologically less satisfying. On the other hand, as inventory
levels diminish toward $110 million, a wider spread of risk becomes
increasingly attractive. And, if authorized inventories should fall
much below $100 million, the manager should seriously con idr
reducing the 1H stock list. Conversely,'there is no incentive to
reduce the stock list at the present time, especially if slow-
moving items are being eliminated from shipboard inventories.
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Ap\e riment 9 Reduction in spot-buy and backorder times at
the ICPs and DSs is the stbject of this experiment. Although the
benefits Of a ",)e-day reduction in these two functions are slight,
the throughput times are of such long duration that the benefits
of multiple day reduction warrant investigation. A somewhat
arbitrary goal of 100 days tota' throughput time was postulated for
spot buys and backorders. The basis for selecting the goal was
'that, with two exceptions, throughput times id Navy-cogs exceed
thisgoal; incidentally, with two exceptions, DSA throughput times
are less tha-, 100 days,

The bcneficsto requisition response time of achieving tne 100
day goal are displayed in Table VI-14. In some~cases the potential
be.nefits are quite impressive; in other cases they are rcgligible..
It must,-be remembered that various organizations other than the ICP
account for segments of backorder and spot-buy tim, in back-
ordiring cog symbol 1A material, for example, 35 days are spent
getting the requisition t, the ICP (SPCC in this case), issuing it
'from the stock point, and delivering it to the Mediterranean. This
currently leaves 143 days for all necessary actions at the TCP and
Saanufacturing by the vendor. With a goal of 100 days, only 54 are
aviable for ICP processing and manufacture. Thus the- 10 day
goil woul-d in most cases be difficult to achieve, to say the least.

Tf an IP's. sole objective were to minimize requisition response
time, then the -1P would backorder ent'-use requisitions only when
the an,.icipa!ed delivery date occurs before a spot-buy transaction
could be crirpleted. Further, one would expect tha!,-if this
objective were invariably sought, the average end-use backorder
time qould be ore-half the spot buy time. It is. clear from Table VI-14
that it is not. In fact, in only two cogs (4A and.IN) are the net
times on spot buy at least twice as great as net times on backorder
(exclusive of s-ubmission and delivery'time.) Conversely, in three
Navy cogs and al four DSA cogs, time on backorder exceeds time
on spot buy..'this sugqests that +CPs are moving at least partially
to.4ard the IbJe,'tive of minimizing spot buy actions and of minimizing
purchase of. materjal in excess-of established requisitioning ubjectives.

Exper'meit 10 In this experiment, the inventories of six
typic5i17e'.:th fi t ships were reduced to 60 wartime days and 30
wartime dway endutn..e in lieu of the 90 day level specified by
OPNAVINST 401t,12 and now incorporated in both COSAL and SIM
(Selective -T,:m Management) computations. Preliminary results of
the experimer, are shown in Table VI-15. The reduction in gross
supply avaflabtity is expressed in-percentage points; thus a 3.2
point .edijction :iight resuilt from availability dropping from.60%
to 56.8%.

The gross one-l:me saving in inventory for the entire Sixth Fleet
amounts to $4.5 milvon and $12 million for the 60- and 30-day
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EFFET1'1 OF REDUCING END0URANCE LEVELS OF SHIPS' STOCKS

.i INVENTORY REDUCTION SUPPLY AVAILABILITY REDUCTION

60-Day 30-Day 60-Day 30-Day
Enduiance Endu; lance Etiauraice Endurance

AOE-3 6.7% .15.5% ~ 3.2 points 6.7 pii
c3-10 7.6 21.S . 5.8"
DD-933 2.4 12.1 2.4 3.4
DDG-35 7.7 2331- 1.8 4.9
DLG-16 2.i 11.8 2.0 6.4
LPA-249 13.4 29.9 1.9 5.5

Average 7.4%- or "19.7%,,or' 2.1 poi.Ats 5.6 p o int s
$75;000/ship $200,000/ship or 4% or '10.7%

TABLE VI-16

*enduranice cases, respectively. Using inventory holding costs
lieu of' inventory value, the savings become $563 thousand ac !V
million per year. From these~ gross savings must -be subtracted th .e
cost of increased OTO requisition preparation a~d receipt aboard
ship, increased issues by the AFS (or NSC, Norfolk) and a proportional
incre ,e ' n CASREPT requisitions handled. The additional admioi-
istrativeexpenses amount to $10,000 and $26,000 annually for the
two cases urder consideration.

RedUcing endurance to 60 and 30,increases response time by 0.6
and 1.7 days re spectively.

The Fleet Material SUpport Office is continuing work on this
experiment both within the framework of S4 and independently.
Matters investigated will include assumptions about the form of
demand distribution and rules for designating 31M items.

Experiment 11 - Eliminate resupply function of AFS as well
and end-use supply, but do noit eliminate MkATCONOFF screening
function. Ships' stock~replenishment will be accomplished by
direct requisitioni-ng on NSC Norfclk; transportation will be
accomplished by MAC or APP ind COD or remaining MLSF ships. End-
use requirements (except high-priority ones'satisfied through
MATOONOFF) will also be filled by Norfolk. Ccimpute reduction in~
shipboard availability, increase in reSDonse'time,,net workload
incrkease at Norfolk, and FILL inventory value.

In runining the experimen~t, it was assumed that (1) AF5 avail -
ability woultd drop to zero, (2) screening avaiiability would drcp
to 1/3 Its, present value, and f3) shipboard availability would



EFFECT OF ELIMINATING A,-_'

SUPPLY ANV RESUPPLY FUNCTIONS

COG SYMBOL REQUISITION RESPONSE T1 ME
Current Without AFS Increase

1 A 19.56 da. 21.65 da. 2.10 da.
1H 10,23 . 13.69 3.46
1N 8.51 13.0 4.5.2
2A 19.31 20.59 1.28
2G .17.t5 17.65- 0

2H .23,.68 24.86. 1.18
2N 30233.35 0.33
2U 13.69 13.69 .0
4A 12.12 12.14 0.02
4G 13.33 .16.95 3.62

4N 15.43 16.19 0.76
9C 9.85 14.35 4.50
9G 6.11 11.55 5.44
9N 4.77 8.16 2.39
9Z 6.19 10.25 4.06

Average 3.80

TABLE VI-16

remain constant daespitp the loss of the AFS as a quick source of
resupply. Given these assumptions, revised response times were
computed and are displayed lit Table VI-16. As one might expect, the

-'increa'se in response timiv is severe (almost 47%) because the AFS
* satisfies approxlmatcly 20% of all demands arising aboard ship.

Offsetting this loss are cost reductions. An AFS costs $70.9
million~ to build and carries a $1.476 million load. These are one-
time costs th,:t could have been voided if the AFS had ibenbit
On the theoyy, not necessarily correct. that three fled' issuie ships
are maintufned in the Atlantic Fleet so that one may be deployad irt
the Sixth Fleet at all times, a total une*",me cost of $213 million
could have been avoided. Spread over the *.I-yir useful life of ship,
this averages $10.7 million per year. Astuming that the cost of
operating a ship each year is about 10% o its replacement cost,
$21.3 million can be added to annual saviihls.

Against these savings are increased operating expenses in CONUS..
An additional 26,600 issues must te m~ade annually by Norfolk or soinc.

*~ oher supply activity at a cost of $31 thousand. Issued material
must be delivered via MAC to Naples. Assuming 26 pounds per parcel
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and an additional 30,000 parcels per year, the extra transportation
cost i~i $188 thousand.

Before removing an APS from ti~a Fleet, there are many factors
to be considered, some of wh'ich are not related to peacetime requisition
responsi time. One concerns the mode of delivery of resupply and
end-use material. 'Fleet issue ships are specially instructed to
facilitate transfer of stores at sea. In the ahsence of such a ship,
combatants must return to a specified port monthly to resupply.
This method of operation implies careful spotting of incoming stor'es
at the proper Medlterranean port, detachment of the combatant from
its task Torce for extended periods (or movement of the entire task
force to the appropriate port), excessive steaming to the port
containing the stores, and increased chance of sahutage because
the ship's whereabouts for a large part of the month must be fixed
in advance.

A useful convenience in peacetime becz*tuse of its influence on
response time, the AFS may be a sine r.n qua of wartimE operations,
because it is one of the ships tETp' iTts a task force to "pick-up
and go" in an emergency, moving juickly to another part -if the world,
standing hundreds of miles off- shore for months at a time, dispersed
over many square miles of or:,n to reduce thc consequences of
enemy attack. Certain'iy, .stimate of the benefits of an WVS in
thil, ultimate situation is beyond the scope of this study. Now-
ever, if one can is :iW4 the purely peacetime supply costs t!id
benefits of an AFS, oi.liers can judge whether the wartime ben'(.-its
are worth the remd iili costs.

isExp riment 13 iie that all material to correct a failure
iordered iTmTaneously and at the beginning of the maintenance
aion. Recompute mean supply response time and equipme.it

operational availabilly.

This and the next four experiments were run on the ronverter
(P) tc, demonstrate the use of the device by itself, (b) to show how,
the Converter utilizes the output of the Syhthesizer and (c) to
motivat : other researctlzrs to investiqdte furthee~ those experiments
that appear to produce the most beneficial results. Converter
experiments are properly the last link in a chain of events some-
thing like this.

SConc~eive of a change .)at w-i)ud reduce throughput time or
micreaz-e supply availability in some etholon.

SBy means of the Inventory Simulators or FProcesk Analyzers and
external cost analyses, calculat2. the benefits of the imp~rovemient
and the cost of making it.
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Feed. performance results into the Synthesizer to arrive at
a new distribution of requisition response times by cognizance
symbol.

Using the newly developed distribution,"simulate lO00'repair
actions in the Converter to estimate a new MSRT and other quantities
of interest.

Unfortunately, scheduling of the study effort did not permit
the orderly development of experimental results in this manner.
Instead, the distributions of requisition response times collected
during the convass of Sixth Fleet ships were used to arrive at base
case values in the Converter. The requisition response time
distributions were then modified in a manner believed to be
consistent with the objective of the experiment and the Converter
rerun.

For Experiment 13, modification was not necessary because the

contemplated change occurs within the ship and specifically within
the maintenance organization aboard ship. The base case results are
displayed in Table VI-17, showing the mean, 90th percentile, and

BASE CASE RESULTS OF CONVERTER RUNS

EQUIPMENT SUPPLY RESPONSE TIME SERIAL OPERATIONAL
Mean 90th Pctl. 99th Pctl. REPAIRS AVAILABILITY

AN/SPS-IOF 9.62 da. 28.5 da. 82.5 da. 129 .6406
AN/SPS-40 13.51 37.5 .165 146 .3065
AN/SQS-23 6.83 21.5 67.5 75 .7522
AN/SRC-16 9.43 26.5 165.0 88 .4947
AN/UPX-I 6.47 23.5 57.5 123 .9065
AN/UPX-12 6.40 22.5 82.5 92 .9471

TABLE VI-17

99th percentile supply response time resulting from simulating, 1000
repairs. The number of repairs involving serial requisitioning and
the equipments' operational availability are also displayed.

Table VI-l? indicates the benefits to be received from eliminating
serial requisitioning. The percent of serial repairs ranges from
7.5 to 14.6 percent of all repairs, depending on equipment, yet
MSRT is reduced between 1.5 and 4.8 percent by eliminating serial
requisitioning, while the improvement in Ao ranges from 0.2 to
2.5 percent. Nor are the absolute or percentage improvements in one
measure closely ranked with those in either of the other measures.
All this simply implies that there are many factors influencing both
MSRT and Ao .

VI-28

6'



BENEFITS OF ELIMINATING SERIAL REQUISITIONING

EQUIPMENT MEAN SUPPLY OPERATIONAL
RESPONSE TIME AVAILABILITY

New - Reduction New Increase

AN/SPS-1OF 9.23 da. 0.39 da. .6501 .0096
AN/SPS-40 13.01 0.50 .31.43 .0078 '

AN/SQS-23 6.73 0.10 .7547 .0025
AN/SRC-16 9.09 0.34 .5038 .0091
AN/UPX-l 6.24 0.23 .9094 .0029.
AN/UPX-12 6.11 0.29 .9493 -.0021

TABLE VI-18

Reduction or elimination of serial requisitioning involves

additional training of maintenance personnel, improved diagnostic
manuals, or additional automatic test equipment. Estimation of
the costs or payoffs of. such changes lies outside the competence
of the study group. However, it is clear that if the cost of
eliminating serial requisitioning were the same per unit installed
for all six equipments, one would want to concentrate effort and
money first on the AN/SPS-IOF, tince investment in this equipment
promises the greatest benefits in increased operational availabiliy.

Experiment 14 - Assume that the AFS replenishes each ship
twice monthly. Estimate a revised requisition response time
distribution for each commodity and recompute mean supply response
time and operational availability. This experiment was simulated
by cutting in half 50 percent of the shipboard - observed response
times that lay in the ranne from to 31 days, on the theory that
half the material 'atisfied in th;. time span originates on the
AFS. The bei.efits ir, cerms of MSRI. displayed in Table VI-I0, seem
to be nearly independent of equipmetit, while the increase in A0 for
th- last two equipments is relative'iy small because the A0 is very
high under normal conditions.

The cost of more frequent AFS resupply will depend on how
the increase is effect. The most obvious way is to station two
AFSs in the Mediterranean. If the current deployment rate (33%)
is to remain ii force, then two additionOl AFSs will be renuired
in CONUS. This solution incurs one time costs of 3 X $70.i million,
or $213 million, for new ships and between $1.5 and 3.0 million
for additional FILL material plus $21.3 million in extra operating
expenses, on the assumption that annual operating costs amount to
about 10 percent of the cost of the ship.

The costs just given are maximum \alues, For example, simply
by Increasing the deployment rate from 33% to 40%, costs could be
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EFFECTS OF MORE FREQUENT AFS RESUPPLY

EQUIPMENT MEAN SUPPLY OPERATIONAL
RESPONSE TIME AVAILABILITY

-New Reductio New Increase

AN/SPS-10F 8.70 da. 0.9~2 d..6631 .0225
AN/SPS-40 12.55 0.96 .3218 .0153

AAN/SPS-23 5.92 0.91 .7771 .0249
AN/SRC-16 8.49 .0.94 .5206 .0259
AN/UPX-l 5.69 0.78 .9164 .0099

elAN/UPX-12 5.59 (1.81 .9533 .0062

TABLE Vi-19

reduced one-third. On the other hand there may be hidden expenses
involved in more frequent resupply, such as the need for the
combatant to spend more time alongside the AFS, ..ence less time
with its task force.

EFFECTS.OF FASTER DELIVERY FROM CONUS

ELUJPMENT MEAN SUPPLY OPERATIONAl
RESPONSE TIME AVAILABILITY

New Reduction New Increase

A~VISPS- IOF 9.00 da, 0.62 da. .6558 C-1 52
AN/SPS-40 12.72 0.79 .3191 .0126
AN/SQS-23 6.40 0,43 .7637 .0115
AN/SRC- 16 8.83 0.C0 .5109 .0162
AN 'UPX-l 5.92 0155 .9135 ;0070
AN/UPX-12 5.92 0.48 .9508 .0037

TAKLE VI-20

ExK lment 15 - Assume that material can be delivered five
dasft-_'rTOU by subtracting five days fromr every elapsed
time greater than 21 days. This tan be thought of as a continuation
of Experiment 6, in which the influence of a one da reduction in
delivery (or-communication) time on MRRT was Tinvtiated. A 5-day
reduction in CONUS delivery time wouI37on the average, reduce
MRRT by 0.70 days (See Table VI-1l) and would reduce MSRT between
0,43 and 0.79 days, (See Table VI-201. The effect on o er~tfonal
avail *ability varies widely, depending on the previous vaues of
HSRT, MTTR, and MTOF,

No estifn~te has been developed of the cost of reducing CONUS
responsP time. One method is to get requisitions to CONUS faster.
As will bo explained in :hapter V11 , use of message in lieu of mail



on all requisitions to CONUS should reduce overall CONUS through-
put time by2 days- -Better scheduling of IPG II requisitions
through NSC, Norfolk should shave anoLer O.1§:days off CONUS
response time.

Ex eriment 16 - Assume that expedited action ': taken on all
spot-buys and ackorders of end-use requisi-tions. This can-be dpneby cutting in half all elapsed times exceding 90 days and re-computing MSRT. This experiment yields-the most dramatic reduction
in MSRT, just a, Experiment 9, similar fn objective if'not in detail,produced the largest reduction in MRF- of all the experiments aimed
at improving requisition response time. For two equipments listed
in Table VI-21 the improvement in A. approximates 5 percentage points.

EFFECTS OF EXPEDITING BACKORDERS AN, SPOT BUYS

EQUIPMENT MEAN SUPPLY OPERATIONAL
RESPONSE TIME AVAILABILITY

New Reduction New Increase

AN/SPS-lCF 8.35 da. 1.27 da. .6722 .0316
AN/SPS .4K, 10.56 2.95 - - .3591 .0526.AN/SQS-23 5.90 0.93 .7777 .0255'
AN/SRC-16 7.79 1.64 .5418 .0471
AN/UPX-l "6.03 0.14 .9120 .0055
A.IUPX-12 5.80 C. 009517 .0046

TABLE VI-21

Beca'se the 3tudy team has thought of no way in which back-ordering or spot buying coud be e.pedited to the extent suggested
in either Experiment 9 or 16, there is no estimate of the cost.It should be observed, however, that the improvements proposed in_
each experiment are quite ar.,bitious.

Experiment 17 - Assume that shipboard gross availability isreduced five percentage p-ints fnr each comnuodity. Recompute mean
supply response timhe a ' operational availability. The onlyexperiment in this group of five that entertains the possibility
of degrading operational availability, it is closely related toExperiment 10, whirh ..,ssesses reduction of COSAL endurance levels
to 60 and 30 wartime days. In fact, the result of reducing theprescribed end'.ralnce of the COSAL to 30 days is a'5.6 percentage
point reduction in COSAL effectiveness. Therefore, allowing for
the imprecis. way in which Experiment 17 had to be conducted, onecan estimte, from the figures in the last column of Table VI-22 whatthe ultimate consequences would be of reducing COSAL stocks-about
$200,000 per ship.
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CONSEQUENCES OF REDUCED COSAL EFFECTIVENESS

EQUIPMENT MEAN SUPPLY OPERATIONAL
RESPONSE TIME AVAILABILITY

New Increase New Reduction

AN/SPS-IOF !0.49 da. 0.87 da. .6208 .0198
AN/SPS-40 14.41 0.90 .2933 .0132
AN/SQS-23 7.53 0.70- .7340 .0182
AN/SRC-16 10.33 0.90 .4722 .0225

1UPX-i 7.12 0.65 .8984 ..0081
AN/UPX".I2 6.94 0.54 .9431 b.0040

TABLE VI-22

Experiment 18 - For those-legs subject to modelling by the
Process Analyzer, assume that workload is decreased by 20 percent
and then increased either by 20 percent or to the maximum capacity
of the organization. Recompute the mean and distribution of
throughput time for the leg.

Experiment 19 - Estimate the effect on througnput time of
changing processing resources in each leg approximately 10 percent
above and below current values,

These two experiments were run jointly for requisitions processed
from receipt to the point of shipment from NSC Norfolk. Table VI-23
shows the probability that an IPG 1 or II requisitiun will clear
Norfolk in a specified number of hours under the following
circumstances:

o current workload and workforce (headed "BASE ARR", for basic
arrival rate, and "BASE CAP" for basic capacity)

o current workforce but a 20 percent increase in workload, or
arrival rate (headed + 20% AR )

o current workload but a 10 percent increase in capacity
(+10% CAP)

o current workload but a 20 percent reduction in workforce and

hence !apacity (-20% CAP)

* o current workload but a 40 percent.decrease in capacity (-40% CAP).

It is clear from Table V!-23 that, short of a major increase in
workload or a sizeable reduction in the workforce, both IPG I and II
requisitions should continue to be processed at their current rate,
given that the estimates of Lapacity and workload are reasonably
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DISTRIBUTION OF REQUISITION THROUGHPUJT TIME

AT-NSC, NORFOLK

HOUR TO BASE CAP BASE CAP +1'0%. CAP -20% CAP -40% CAP
COMPLETE BASE ARR +200t ARR BASE ARR BASE ARR BASE ARR

Priority Group I Requisitions

1-2 0 0 0. 0
3 .059 .059 .059 .059 .059
4 .081 .081 .081 .081 .081
5 .191 .190 .193 .189 .163
6 .176 .176 .176 .177 .170

7 .103 .103 .102 .108 .114
8 .062 .062 .061 .060 .073
9 .045 .045. .045 .047 .047
10 .042 .042 .042 .041 .043
11 .042 .042 .042 .041 .042
12 .042 .042 .042 .041 .042

13 .042 .042 .042 .041 .042
14 .042 .042 .042 .041 .042
15 .034 .034 .034 .033 .034
16 .028 .028 .028 .027 .028
17 .009 .010 .009 .013 .015

AVG lAPS 7.765 7.777 7.760 7.798 7.934

Priority Group II Requisitions

1-17 0 0 0 0 0.
18 .023 .023 .023 .023 .023
19 .041 .041 .041 .041 .041
20 .091 .081 .094 .067 .5
21 .121 .114 .122 .04 .058

22 .124' .124 .124 .121 .070
23 .124' .125 .124 .123 .077
24 .124 .125 .124 .124 .083

25-40 0 ~ 0 0 0 0
41 . .125 .125 .125 .124 .083
42 .1*02 .10 .102 .101 .067

.084 .08

43 .083 08 83 .083 .048
44 .034 -.046 .031 .057 .051
45 .004 .011 .002 .022 .051
46 . ..001 .001 . .001 .001 .045

47-90 ---- -.001 ---- .001 .262

AVG HRS 28.81.0 29.485 28.669 29.670 40.024

TABLE VI-23
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accurate.* However, capacityreductions, if carried too far,
will result in serious degradation of service, as the last column
in Table VI-23 suggests. At 40,percent capacity reduction, iPG I
requisitions still move through the'system rapidly because they are
given.first priority. IPG II requisitions, on the other hand, show
a seribus increase in average throughput time; IPG III data, if
displayed, would show an even greater slowdown. Furthermore, a
relatively'small further decrease in capacity would cause requisition
processing at NoroT-to "blow up", at least for IPG III requisitions.
Under these conditions the backlogrof Group III requisitions would
grow without bound, resupply of the AFS (and hence resupply of
combatant ships) would be impossible, and an intolerable burden
would be placed on the remaining IPG I and Illprocessing resources.

The reason for the very consistent throughput times despite
minor variations in capacity and workload is that Norfolk's
requisition processing workforce was operating considerably below
capacity at the time of the study. Thus situation is by no means
undesirable. In any service organization,--and particularly one
serving a mili:tary activity, it is necessary to have sufficient
capacity to take care of surges in demand. Because of the nature
of international situations and the operations of Navy ships Norfolk's
surge peak is likely to be much higher than that of a similar commercial
organization. Further, if a private company is unable to cope with
the surge, it loses sales and profits. If Norfolk cannot handle the
demand, the Sixth Fleet may lose an engagement. Indeed, management
at NSC, Norfolk, may have deliberately overstaffed requisition
processing at the expense of other functions on the theory that
timely requisition processing ought to be and is NAVSUP's prime
objective.

Under the best of conditions, theoretical capacity cannot be
achieved. For one thing, the physical plar' may be such that people
must be frequently moved from one location to another at loss of

....... considerable time. Then, either because of plant layout or
specialization, each of several work stations must be manned
regardless of the amount of work flowing through the station.
Finally no group can operate atmaximum capacity for long periods of
time.

To a large ixtent what determines the throughput time at Norfolk
are "institutional delays", those deliberate or, evolved rules about
batching and scheduling the flow of work through the organization.
In fact, a requisition spends most of its time waiting to be moved
by a messenger, waiting to be introduced into a computer, or waiting
for the workforce to come to work, Only during a small fraction of

*Thl'e UtTT on and toughuti-te gi here are not
inconsistent with those in Requisition Throughut Time Simulation
for NSC San Dieo; M. G. Lync and i ; U. S. Naval "ost-
graduate School; Monterey, California; March 1973
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its time at Norfolk does a requisition wait for service from an
employee who is on duty; an even smaller fraction is spent being
actively processed by the employee.

Experiment 20 - Related to Experiment 12, this experiment looks
analytically at the consequences of reducing resupply, not end-use,
response time. It is assumed that resupply time for those items
ships requisition from CONUS is reduced by having the material air
shipped (via MAC or APP) and that resupply time for the AFS is
shortened by insuring that NSC Norfolk is able to resupply 100
percent of the AFS demands.' Although the simulative approach would
be more accurate, parametric analysis has been used in this experiment
to increase speed and decrease cost of analysis and to demonstrate
the use of the analytic approach.

The lead time experienced in resupplying a combatant ship's
storeroom can be expressed as:

L = a' P t + (1- a')P ( + 30) + (- P ) a t
1 2 2 2 2 2 2 2 4 4,1

(I- P ) a f + (I- P ) (1- a -aP't 2 5 5,1 2 4 5 7-

The lead time experienced by the AFS is:

L :a' t' +a' t + (l-a' -a')t
2 4 4 5 5,2 4 5 7

where symbols have the following meanings and are assigned the
indicated minimum, maximum, and most likely values:

a' MLSF net supply availability (90, 96, 98%)
2

P = Pr (ships' requisition is for FILL item) (60, 80, 85%)
2

t = time to resupply routinely by LOGREP (45, 45, 45 da.)

t =IPG III resupply time from Norfolk, given air trans-
h4s1 portation to the Med. (14, 23, 32 da.)

t IPG III resupply time from Norfolk, given surface
4,1 transportation to the Med. (48, 48, 60 da.)

t IPG III resupply time by referral, given air
5,1 transportation to the Med. (23, 35, 47 da.)

t IPG III resupply time by referral, given surface
5,2 transportation to the Med. (51, 51, 65 da.)
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t IPG III backorder time. (110, 1.30, 150 da.)

a = Fraction of Sixth Fleet requisitions coming to CONUS and
4 satisfied by Norfolk. (40, 58, 75%)

a = Fraction of Sixth Fleet requisitions coming to CONUS and
s satisfied by referral. (24, 33, 57%)

a' Norfolk's net effectiveness in resupplying FILL
4 requisitions. (50, 60, 70%)

a' = System's effectiveness on FILL requisitions after Norfolk

5 supplies all possible material. (10, 14, 20)

V = Routine resupply time via pipeline ship. (30,45, 45 da.)
4

These values were used .to arrive at 3 estimates of resupplyotime
under current conditions:

Via Surface from CONUS

Shortest reasonable time 46.2 days "
Most likely time 48.3
Longest reasonable time 55.0

The spread between the three figures is slight because most
resupply material is provided by the AFS and because its avail-
ability is always High.

The use of air vice surface delivery of those items that
must be resupplied from CONUS would change the total leadtime
(including those items supplied by the AFS) as follows:

Via Air from CONUS

Shortest reasonable time 41.3 days
i. st likely time 45.1
Longest reasonable time 46.8

Thus, air delivery has at best a 9 day influence on overall re-
supply time; the actual improvement is probably less than5 days.

The cost of air delivery is $0,239 per pound from Norfolk to
Naples. The cost of delivery by MSC (exclusive of packing) is
approximately $0.065 per pound. The average price per pound
via QUICKTRANS is $0.285; fifty-five percent of the parcels
must move over QUICKTRANS as wellas MAC. A reasonably high
estimate of the number of parcels to be shipped is 28,000, the
total number of mechanics' requests ultimately filled by CONUS.
Assuming that the average parcel weighs 26 pounds, the figure
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usually quoted by Norfolk for parcel pos ¢  the total annual
- cost of ai-lifting IPG III material to.crbatants in 'he Sixth

Fleet should not ,xceed $243,000.

NSC Norfolk it now able to supply from *.tock abot, t 60% of

the resupply requisitions submitted monthly by th4 AS. If'
.this figure could beraised to 100%, many administre.tlve costs
aboard the AFS, at Norfolk, and elsewhere in the sy'tem could be
avoided or-redu~ed. Given the current levels for D1SA type material
at Norfolk, this improvement could be made by investing about
$1.24 mill'ion in stock, Further, resupply tim to the AFS would
be reduced 10 to 40 days; this, in turn, might 'edce resupply time
to customer ships. In fact, because the AFS no' perfois so well,
-the reduction would be slight:

-100%.AFS Resupply by Norfolk

Shortest reasonable time 44,.0 days
Most likely time 46.0
Longest reasonable time 53.5

If both of the proposals investigated here were adopted,

.combatant ship resupply time would probably assume these values:

100% AFS Resupply by Norfolk

Air Resupply of Conbatants

Shortest reasonable time 41.2 days
Most likely time 43.4
Maximum reasonable time 44.9

or about 5 days less than present resupply times.

It should be noted that del'ivery of direct-turnover (DTO)
material by air is assumed in the S study and used in practice,
at least to the extent that organic aircraft and ships' operations
permit. It should also be noted that air resupply may be quite
profitable for the heavy personnel concentrations now near Rota,
Spain, and developing in Athens, Greece. With respect to AFS re-
supply, high effectiveness at Norfolk would, of course, be more
critical if AFS stock levels were reduced significantly.

It is not possible to compute at this time the benefits In
terms of MRRT of the two proposals investigated in this experiment,
lnasmiuch as Experiment 12 and a counterpart exoeriment for the AFS
have not yet been run.

C. Experiments Not Completed

The experiments listed below had not been completed at the time
of writing the Final Report. If they are subsequently completed,
they will be the subject of an addendum or of separete Technical
Memoranda.
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Experiment 2 -Mathematically similar to Experiment 7,this
experiment Seeks to eliminate from the COSAL all items whose
Prubability of any demand during a year per dollar invested in
the itenm does not exceed some arbitrary value.7As- this arbitrary
thre ho d is changed the range, dollar value and effectiveness
of the COSAL chaqge.

txperim. nt 3 -An extension of xperiment 2, this experiment
proposes the aj5plicationof economic order quantities and variable
safety levels to the,.items remaining on the COSAL after the second
experiment is comnpleted. The order quantity is the Standard
killson EOQ; the reorder levels are designed (a) to give a conistant
priibability of stock-out for all'items or (b) to minimize units
short.

Exoeriment 12 -Estimate the gross effectiveness of the
COA~of selected ships in the S~sample if th~ routine re-

upply time is reduced from that assumed in init ial runs to
(a) routine resupply times characteristic of the Sixth Fleet and
(b) response timnes characteristic of IPG I and II requisitions
in the Sixth Fleet.

.3
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VII. PISCUSSION AND C014CLUSIONS

A. Additional Modellinj

The entire cost of the 2-year Ships Supply Support Stlidy was
$467,000, including salarles (with fringe benefits but. not -over-
head), contract services, computer rental, travel, 3rnd printing.
Th3, source and usa of funds is displayed in Table VII*-l. The
costs cited include research on design of rea..stic queuing model!:,

SOURCE AND-USE OF FUNDS -S 4 STUDY

SOURCE RD&N - APPROPRIATION

OPNAV 104,500 3,400 0
NAVSUP 140,300 3,900 46,800
FMSO 3,900 119,700
MSO, 0 39,300
misc. 2,500 2,600 0

Ttal 247,300 13,800 205,800

USE

Salc.-'ies 52,800 13,800 205,800
Computer 37,500-
Travel 4,200
Contractor 152,800

Total 2417,300 13,800 205,800

TA311 VII-ll

location of data sources as 'well as data collection, and constructioll
of computer models of several organizatio~ns commion to more than
one support system.

Extension of the models to other Fleets and, of course.
maintenance of the models -would be far less expensive than the
original design. Table VII-2 cont~ains estimates of the cost ofdesigning and maintaining additional models. Maintenance irnvo 1 es
the collection of performnance and cost data annually to maintain
the currency of the model'I*s. Maintenanc.e costs (both personnel and
comput-r) may vary widely dep'hding on how many model, require
maintenance and how many experiments~or analyses a're t6 be run
annual ly. Support of all the operating forces and major industrial
installations could be mudelled at a one-time total cost of $145,000;
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-MODELLING AND MAINTENANCE COSTS

FLEET MODEL TO BE MAN COMPUTER
MODELLED DESIGNED YEARS RENTAL

Seventh Surface Flow and Inventoy 1/2 $ 2,000
.- irWESPAC Depot

AFS and Screening 1/3 2,000
Inventcry
NSC Oakland Flow 1/6 500

- Pacific Synthesizer 1/6 500
Total 1-1/6 $ 5,000

Overseas Aviation AVCAL Inventory -3/4 $ 4,000.
ASO Inventory and 1-1/2 5,000
Flow
Aviation Synthesizer 7/6 500
Aviation Converter 1 8,000

* Total 3-5/12 $17,500

CONUS Multi Warehouse 1 $ 6,000
Simu Iator
CONUS Synthesizer 1/6 500
Totai 1-1/6 $ 6,500

Annual Maintenance 1/2 to 2 $ 5,000 - $20,000

TABLE VII-2

maintenance and exercising of the models could be done ior less
than $60,000 annually.

B. Use of Models in Budget Process

Because the S4 computer programs are able to link resource
usage to performance, measured in several ways, the programs can
be used to shed light on budget Issues. In order to accomplish
this, it would be necessary (1) to anticipate possible budget
issues (such as elimination of TOR items or reduction of endurance
period for COSAL items), (2) to gather whatever special data are
needed for analysis and the most current data for the standard S4
runs, (3) to run appropriate experiments or analyses to test
hypotheses implicit in the budget issues, and (4) to present results
of analyses to budget preparation and review officials.

C. Use of Models in Equipment Analysis

The experiments in Chapter V demonstrate that the S4 computer
programs, including the Converter, are capable of estimating both
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requisition response time and supply response time and of
projecting the effect of changes in the support system. Such
changes may not be obvious by inspection nor are alternative
changes always of equal cost, The S4 programs constitute a
device for assessing the cost and benefits of alternative equip-
ment support methods, for comparing the cost of improved operational
availability by means of improved reliability and maintainability
as well as increased supply support, and for isolating those quip-
ments for which enhanced supply support cannot materially improve
equipment availability. The programs can be used to evaluate
suppot of equipments in being and those for which development is
sufficiently advanced to permit estimate of failure rates and
repair timE3.

D. Reguisition Submission and Processing Time

The descriDtion of requisition flow in Chapter III an' Table VII-3
indicates (1) that almost half the IPG II requisitions sent from the
Sixth Fleet to NSC, Norfolk go via mail, (2) that 50 percent of the
messages require more than I day to leave the ship, (3) that 14
percent of the messages are in the communication system more than
12 hours, (4) that about 12 percent require more than 48 hours after
arriving at Norfolk to enter its computer, (5) that IPG II and Iii
requisitions are processed only once daily.on the computer. (6)
that IPG III requisitions are delayed 22 hours before entering the
AUTODIN system and (7) that IPGs II and III are delayed between
4 1/2 and 7 days if missing a stock number. The submission and
transmission time are clearly in excess of UMMIPS standards.

Several of these undesirable situations could be avoided or
at least mitigated by providing computer-equipped ships with AUTODIN
terminals, as .i-*oposed in CNM letter of 17 January 1973 and endorsed
by CNO letter, serial 0941C/2564 of 30 May 1973. AUTODIN would relieve
the operational conimnicatlon system of the burden of logistics traffic.
It would not create additional workload aboard the ship as a whole and
would avoid the special clearances sometimes required of .,;ssage traffic.
It would avoid the conversion of messages to MILSTRIP ,'equisition format
at Norfolk, thus eliminating handling by the message center, customer
service, and key punch room. Linking AUTODIN transmission with the
DAAS (Defense Automatic Address System) would permit automatic search
for a stock number. Admittedly, AUTODIN requisitioning would neither
force frequent input to the computer nor avoid the 22 hour delay in
transmission from Norfolk via AUTODIN. However, it would eliminate
smne impediments to rapid processing which now exist.

An AUTODIN terminal and satellite system such as that envisioned
in the CNM letter of 17 January 1973 might reduce communication time
batwec Sixth Fleet ships and NSC, Norfolk as follows:
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REQUISITION.SUBMISSION AND PROCESSING TIMES

*(IPG I -and !I Requisitions)

DAYS TO MESSAGES MAIL
COMPLETE Mechanic To Ship to NAV- NAVCOMSTA To Mechanic To

Communicator COMSTA, NFK NSC Computerf -- NSC-Computer.

0- 305 96
-1 182 35 129

1 - 1 14* 38
1 - 2 1-15 26
2 - 2 41*

2 -3 41
3-4 6 1
4 - 5. 5
5 - 6 4 '52
6- 7 0 23
7-8 1 8

8-9 3 9
9 -10 1 28
10-11 0 19
11 -12 0 24
12 -13 0 5
13 -14 -* 10*

MEAN 31 Hours -13.1 Hours 22.2 Hours 201 Hours

OBSERVATIONS 359 354 330 214

*Frequency for. this and all higher values

TABLE VII-3

Communication Leg Present Method Proposed Method
Message Mail AUTODIN

Mechanic to .31 hrs. 24 hrs.
Communicator

Ship to COMSTA, NFK 13 6
COMSTA t'uNSC 22 16
Total '-" 66 hrs. 201 hrs. 46 hrs.
FSN Search at DLSC 108 hrs. 108 48 hrs.

If half the 1PG I and II requisitions were sent from mechanized
ships, the overall reduction in requisition response time for the
Sixth Fleet would he 0.38 days.

An AUTODIN satellite communication system has many other obvious
advantages, including (1) the ability to communicate between ships in
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the Sixth Fleet, (2) the elimination of message processing aboard
ship and at COMSTA, Norfolk, (3) reduction of requisition processing
effort at NSC, Norfolk, 4) reduced traffic and hence increased speed
through existing message system and (5) use of AUTODIN system for
other logistics and administrative traffic, including IPG III
requisition transmission, status reporting, personnel strength
accounting, etc. If, for whatever reasons, AUTODIN cannot be
installed aboard ship or until installation is completed, other
actions can and should be taken to reduce requisition submission
and processing times. These include transmission of all IPG I and II
requisitions by message, expedited message handling aboard ship and
expedited processing at NSC, Norfolk.

Some of these can be accomplished at little cost; others will
undoubtedly require revision of procedures, possibly new computer
programs, and a period of experimentation.

E. Scheduling Requisition Input at NSC, Norfolk

As Table 1II-1 indicates, NSC Norfolk enters IPG II requisitions
into the comnuter at 0500 daily to determine status and either to
prepare picking tickets or to refer to the proper ICP/DSC. Both
ESO and SPCC computers are in operation at least 3/4 of the day and
could easily refer requisitions at once to a stocking NSC or
shipyard.

Because Sixth Fleet messages arrive amost uniformly through-
out the day, it should be possibI! to reduce requisition response
time by 0.02 days simply by introducing IPG Il requisitions-into the
computer on the same schedule observed for Ni I requisitions.
Picking tickets would continue to be prepared on the current schedule.
No computer programs need to be changed to accommodate the revised
input schedule. In theory, no additional personnel need be hired
because the total workload would remain constant. However, for
purposes of liscussion assume that two additional personnel must
be hired to process IPG II requisitions from the Sixth Fleet during
the second shift. This would cost $19,000 per annum.

F. Reduction of Technical OIt~s

The experiment in Chapter V1 clearly indicates that while TOR
itqs do rontribute slightl y to shipboard availability, the
contribution is not comkefnsurate with the funds invested in
inventory. It is, therefore, concluded tht OPNAV should continue
its recently eqtacilshed policy of non-replenishment of TOR items
and exclusion of few-equlpment TORs from the COSAL and should, through
the medium of the S4 program, periodically reassess the effect of
excluding TOR items.
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G. Fleet Scruenino-Operation

The experiment in Chapter VI suggests nat the fleet screening
operation conducted by the MATCONOFF, Sixth Fleet avioids approximately
100,000 requisition days of shortage per unnum of material critical',
needed to correct casualties. In view of the modest resources in
the operation ($50,000 per annum), it is concluded that it is
alleviating high-risk shortages at low cost.

H. Long Term Demand Base for AFS

In comparing simulated supply availability for the AFS
echelon with that observed during on 18 month period, it was
no~ed that the simulated availability was equal to or less than
the observed value in 2 cogs, but ter in 10 cogs. This is
probably due to the fact that the simulation allowed demand to
build up during the entire 18 month simulated period but that,
during the period of observation, the deployed AFS would rtart
collecting demand anew every 6 months. Since the period of
observation, it has become the policy of the out-chopping AFS to
transfer its demand histories to the AFS entering the Sixth Fleet.
It is concluded thatl this policy should be continued.

I. Serial Reouisiti oning

Analysis of CASREPT and 3-M maintenance action data reveals
t__,hat i~ 24 percent of the CASREPYS and 16 percent of all maintenance
act'll".s- 2 or more repair parts were needed. In these cases
requisitionthgwas done serially 43 percent of the time. In other
words, some items Wtite-requisitioned, received, and installed, after
which additional parts wer6 orered in one or more batches, r'Lal
requisitioning may be caused by severa&1-things, including:

( Incorrect or incomplete-initial diagnosisof failure.
(21 Ordering incorrect part.

(3,Use of serial repla(cement as a means of fault isolation.
(4, Receipt of incorrect part even ionen correct part wais ordere
5b Receipt of material in not-ready-for Issue condition.
6)Loss or cancellation of requ is it i

Whatever the cause, serial requisitioning has an adverse effect on
supply response time and, hance, on operational availability,

J. Us fMltai Lieu of Postal Transportation

vyRecent changes in postal rates have placed mail service in a
asr toor position economically with respect to military airlift,
despite the fact-that using MAC involves documentation and clearance
costs. (Such costs couliC be reduced somnewhat by sendinG cornsolidated



shikenz to Naval activities on the Mediterranean coast, who
would then break the shipments into Individual parcels for delivery
to fitl destination.) Furthermore, from Norfolk, military
transportation to the Mediterranean is faster than Military
Ordinary Mail and, with the recent improvement in MAC performance
cited in Chapter III,'at least as fast as Air Parcel Post. There-
fore, the use of MAC on all IPG I and II parcels destined for the
Sixth Fleet would save at least $84,000 annually-on technical parts
alone without degrading service in any way.

The situation on shipments from NSC'Oakla,-.d is-different.
Mailing to the Mediterranean viaair parcel post, as is Oakland's
current policy, is probably faster and certainly more expensive than
chipping via QUICKTRANS and MAC. On the other hand, MOM at present
seems to give about the same service as military air and is clearly
cheaper. Savings from use of MOM in lieu of APP would amount to
about $46,000 annually. However, the current fast MOM service
W-ild degrade considevably if the U. S. Postal Service discontinued
its apparent practice of shipping MOM via air on a space-available
basis. In this event, NSC Oakland might wish to consider military
air tr-asportation as the best combination of speed and cost.

It should be remarked ,that some steps have already been taKen
to substitute military transport for mail within CONUS. For

- example, NSCs Oakland and Norfolk have instituted an arrangement
whereby material .destined for customers within Norfolk's local
delivery area is shipped from Oakland to NSC Norfolk via QUICKTRANS,
there to be sorted and delivered by supply center trucks. This
e metod should reduce-transportation costs somewhat, especially

on the shorter hauls, if the material never enters the U. S. Postal
Sprvice. As soon as it-does, the PostaT-Service charges a fixed
CONUS traris-rtation rate based on service and weight but not on
distance.

At this writing it appears that Navy shippers may be unfamiliar
with recent changes in postal rates which both increase costs and
make shipment within CONUS insensitive to distance shipped.

K. Improved MAC Service to Sixth Fleet

-The data i Chapter III indicate that QUICKTRANS can move material
frum NAS Alameda to NAS Norfolk in about 50 hours while MAC covers
the trip from NAS Norfolk to Naples, roughly the same distance, in
slightly over 5 days. Furthermore, the two systems maintain about
the same flight frequency over the legs in question. Unless there
is a great disparity in load factors, MAC ,hould apparently be able
to cut its elapsed time in half.

L,. Use of Air Transport to Resupply AFS

'Ifn the past NSC Norfolk has, on the specific advice of the.
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deployed AFS, air shipped (via MAC or MOM) resupply material
not-in-stock or not-carried Et Norfolk instead of shipping it
on the next departing pipeline ship. Norfolk has recently dis-
continued this practice. In view of the cost of air shipment and
the slight improvement in combatant ship support resulting from
air resupply (see Experiment 20, Chapter VI),it is concluded that
resupply material should continue to be shipped by pipeline ship.

M. Revision to 3-M Data Collection System

It was noted in Section VI. A. that there is now no reliable
source of information on delay of corrective maintenance action
due to ships' operations and outside assistance. These two delays
may well be significant in relation to active repair time and
delays due to lack of parts.

N. Standard for Measuring Elapsed Time

In S4, mean requisition and supply response times have been
measured in cl.ock hours and calendar days because (1) some supply
response processes operate around the clock and (2) the mechanic
must wait around the clock for replacement parts. Some of the
analyses of raw 3-M data, however, are based on the number of
oe i hours between failures, Mixing time in operating and
c ours causes understatement of operational availability. It
would appear to be a simple matter to express MTBF in clock hours.
In any event, times must be expressed in a consistent fashion.

0. Response Time Measurement

At the inception of S4 and even at this writing, there is no
routine method of measuring shipboard requisition response time,
except for requisitions associated with CASREPTs. Recently,
NAVSUP has undertaken the reporting of response time by mechanized
ships -- aircraft carriers, assault helicopter carriers, tenders,
and supply ships. Although this reporting does not cover the entire
fleet, it covers numerically about one half of fleet requisitions
and can by extrapolation be used to estimate response time for
other ships. It is concluded that NAVSUP should pursue this vital
effort to completion.
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P. Use of Queuing Models

Standard queuing models are generally not useful in estimating
throughput time within a single Navy supply organization because
throughput time is insensitive to all but major (i.e., 40 percent
or greater) changes in workload or workforce. This results from
the fact that at the activities studied capacity significantly
exceeds actual average workload. At NSC, Norfolk, where work-
load ranged between 25 and 56 percent of capacity, certainly an
important reason for the apparent underutilization is the need
for a fairly high surge capacity to handle the crises characteristic
of the operation and support of Naval forces.

An additional factor, undoubtedly present at Norfolk but
immediately obvious in the analysis of ICP utilization rates, is
that many employees hdve multiple functions, only one of-which is
requisition processing. Several work stations involved in requisition
processing at the Ships Parts Control Center, for example, devote less
than one percent of their capacity to this function. Even allowing
that such a group may be working below capacity, it is clear that
it must have significant additional functions which in the short
run can be dropped to handle requisitions but which in the long run
must be executed if requisition processing is to continue successfully.

One way to model requisition processing by a multi-function server
is to allocate a certain fraction of the server's time to requisition
processing and calculate the server's capacity in this fraction of
total time, This approach may be satisfactory for limited modelling
objectives but basically ueos the question, because a primary objective
of the S4 computer programs is to help inquire into how resources
might better be allocated.

A more general and more satisfactory approach might be to model
(simulatively or analytically) all the functions personnel connected
with requisition processing are required to perform. This implies
modelling all or at least a large part of the workforce in an
organization and constructing very involved priority rules to
represent the order in which competing functions are executed.

Whatever the most practical solution, future researchers
in this area should be forewarned that only quite sophisticated
and possibly now unknown analytic techniques will yield useful
results.

Q. Organizational Location of Requisitions and Material

It is clear from the description of the support system in
Chapter 'I1 that requisitions and material frequently flow from
one organization to another in the course of being satisfied.
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Except in the simplest of paths, it is difficult to estimate by
inspection the fraction of time a requisition is lodged in each
organization. Table VII-4 displays the results of exact calculation
for two commodities - Navy managed electronic parts and DSA managed
general supplies. Shown at the bottom of the table is the average
time to satisfy a requisition given that- it is satisfied at the
echelon shown at the top of the table.. Since all requisitions satisfied
in one of the first four echelons move through thesame organizations,
these echelonsare listed only-once.

As might be inferred from data previously presented, satisfaction
of a requirement from shipboard stock is one to two orders of magnitude
faster than satisfaction from screening, the AFS, Norfolk, or else-
where in the system. (The last three of these sources show remarkably
similar throughput-times.) BackQrdering and spot-buying are almost
another order of magnitude slower than immediate issue from somewhere
in the support system. Fortunately, these modes of satisfaction are
employed for only a small fraction of all end-use requisitions.

A change in percentage for an organization from echelon t:i echelon
is somietimes partly or totally due to the change in time spent in other
organizations rather than a change in the organization of inrterest.
For example, a requisition spends 4 to 5 percent of its tir, at
Norfolk if it is satisfied by referral to another stock point but
only 1 percent of its time there if ultimately satisfied by back-
order or spot-buy. Despite this, the requisition spends the same
number of clock hours at Norfolk in each case.

If all requisitions were transmitted from the Sixth Fleet to
Norfolk by electrical means, as is recommeded in the next chapter,
there would be two results: (1) the percent of time the U.S. Postal
Service handles the item as a requisition would drop to zero and (2)
the percentage of time spent in fleet comniunication would more than
double. If the recommendation to use MAC exclusively on the Norfolk -

Mediterranean run were adopted, the percent of time the material
is in the U.S.P.S. would diminish drastically; MAC time wouJ-T
rise several-fold.

R. Evaluating Alternative Proposals

Several of the experiments described in Chapter VI and some
of the discussions in this chapter led to conclusion that response
time could be reduced by investing or expending funds or that costs
could be reduced by sacrificing a greater or lesser amount of
requisition response time, The results of many of the experiments
and discussions are summarized in Table VI-5. A negative cost
signifies a net dollar savng resulting from the proposal; a negative
benefit indicates an increa se in requisition response time.
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The last column of the table contains the cost. (or savino)
-per nandred of a day benefit Xor malificence). If all the values
in the last column were accurate and comparable, one would want
to implement first either that proposal showir the largest negative
value, if total costs ..re to be reduccd, or that proposal showing
the smallest positive value, if funds are available for making
performince im:rovemerts. This-processshould be continaod for
successive proposals meeting one of theabove criteria until
necessary cost reductions have been made or additional funds
have been completely spent. (The one exception to this is ship-
ment via MAC from Norfolk, which saves money but does-not intrease
response time.)

For several reasons the data in Table Vil-5 should not be used in
their present form as the sole basis for decision making. Aside
from che obvious issues of arithmetic errors, incomplete data, and
difficulties in combining investment and expense costs, there are two
major factor7s that should be carefully evaluated -- spillover effects
and incompardbility.

Spillover effects can be further divided into those that might
reasonably be assessed by study group persQnnel and those that are
beyond their special competence to calculate. For example, in

computing the net savings in Experiment 5, it was assumed that
DSA's processing costs are identical to those at NSC, Norfolk.
Any difference in costs could oe uncovered with slight additioal
effort and included in the net-cost calculation.

As a second example, consider the cost of building, installing,
and operating the overseas AUTODIN transmission system discussed
in Section VII D. Some of the benefits were enumerated there;
a dditional benefits such as status reporting) might have been
uncovered by the study group. But there are still further potential
benefits (such as personnel strength reporting) that could be
evaluated by those with the appropriate knowledge and experience.
On the other hand, the cost of the proposal can be reckoned only
by the engineers and ecnomists in NAVELEX and NAVSHIPS.

Still other external effects are peculiarly military and can be
assessed only by those with the requisite Naval operating experience.
A prime example of this is the.experiment (number 11) which assumes
elimination of the AFS support in the Sixth Fleet. Undoubtedly more
important than the marginal savi;-,gs displayed in the last column of
Table VII-5 are the wartime consequences of the proposal. What
effect will lack of an AFS have on the ability of a task force to
remian at sea or to perform its primary and secondary missions?
How much less time can -It spend in the open sea? How does reduced
flexibility and increased time in port influence its capacity to
perform offensive maneuvers or defend' sea lanes? Are there any
satisfactory and economical ways to compensate for the lack of an AFS?
These and many other questions can and must be addressed by persons
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with Naval operating experience before a judgement can be made
on this issue.

... Incomparability, in this study, refers to the fact that not
_k all experiments and discussions cover the same geography or the

same commodities. All benefits (or disbenefits) are described

in terms of the effect 9o the Sixth Fleet. However, not all
experiments are limited ii their effects to the Sixth Fleet.
Experiments 4, 11, and 2C and the discussion in Section VII J
apply strictly to the Sixth Fleet. But the costs of shipboard

_0ET)N installation cannot be limited to the Sixth Fleet (even
tho:!nh the benefits may ac&rue primarily to that Fleet) because
ships are constantly shifting between the Second and Sixth Fleets.
Conversely, by the very way in which Coordinated Shipboard Allo'.,ance
Lists are now designed, it.would not be possible to restrict the
cost reductions inherent in Experiments 1 and 10 to the SixthFleet.

Experiments 5, 7 and 8 present another sort of incomparibility.
Closing NSC, Norfolk, would work to the detriment not only of tle
Sixth Fleet but to three other classes of customers as well - i.he
Second Fleet, the Atlantic Fleet installations ashore (such as
air stations),:and the Shore Establishment activities served by
Norfolk. Changing the range or depth of a given cognizance symbol

of material would have Navy-wide impact, bLt not for all items.
The deterioriation in service for 2N cog items, although world-
wide and severe, might not influence equipment operation
significantly if 2N items are very seldom needed in shipboard
repair.

5y extending the scope of analysis and redefini:g benefits,
incon:parability of the kind described here can be overcome. The
first step is to estimate the consequences of a proposed course
of action. on allNavy customers and the total differential cost
DOD-wide, Then convert days of change in average response time
to requisition-days saved or spent per annum. In this way two
proposals having impacts in different parts of the Navy can be
compared, if one is willing to accept the assumption that one
requisition-day saved is as important as another.

Despite these problems, some of which can be resolved by further
analysis, others by the application of outside experience, results
of the sort portrayed in Table VII-5 represent a first step in providing
a foundation of basic organized data on which the Navy decision
maker can build infcrmed Judgements.
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VIII. RECOMME,DATIONS

In light of the facts and discussion in previous chapters
of this report, it is recommended that:

Recommendation I - OPNAV incorporate available S4 'models andprograms into evaluation of current Sixth Fleet surface support
policy and into testing-possible revisions to existing policy inthe S, simjiators.

Recommendation 2 - CNM provide CNO a Plan of Action and Milestonesfor exten SinSj-models and programs to (1) Seventh Fleet surface support,(2) deployed aircraft support, and (3) CONUS support and (4) maintainthe models and data base current. (Section VII-A applies).

Recommendation 3 -- OPNAV provide for continuing review of existinglogistic support poTicy, and new programs and policies having potentialbudget:impact, through use of S4 models, programs' and simulatcrs bytesting and predicting the consequences of same. (Section VII-B applies).

Recommendation 4 - NAVMAT determine the feasibility of using S4models to project, duri.ng the development of major weapons systems, theconsequences, in terms of mean supply response time anu operationalavailability, of alternative proposals for the design, maintenance andsupply support of the system. and provide these data to ILS managers forconsideration in developing supply support policies. (Section VII-C applies).

Recommendation 5 - As a first step in isolating pd6sible causes oflow operation alability, NAVMAT direct (1) the Naval Ships EngineeringCenter to compute, for all major equipments in a "trouble" status, theequipment's MTBF (mean time between failure) and MTTR (mean time torepair) and (2) the Fleet Material Support Office to compute the MSRT(miean supply response time). (Sections VI-A2 and VII-C apply).

Recoimendation 6 - NAVMAT act expeditiously to develop thepropose-d-pla 6-rnstallation of digital data communication capabilityaboard CV, LPH, AFS, AD and AR class ships per CNO letter serial941C/2564 of 30 May 1973. (Section VII-D applies).

Recommendation 7 - CNO reemphasize the requirement that all IPG ITnd requiitfon-for submission to CONUS be sent by electricaltransmission unless (1) operational restrictions prevent sending
messages or (2) material is to he used by ship upon return to CONUS.
(Section VII-D applies).

Recommendation 8 - CNO reemphdsize the requirement that all IPG I andII requiTt- -s -ar the requesting ship 48 hours after the dema,,d Qrisesand clear the communications system 12 hours ifter entry into the system.
(Section VII-0 applies..

* V



Recommendation 9 - NAVSUP direct CONUS supply cer.ers to enter
IPG II FMeet rqiTsitions on essentially the same schedule as IPG I
requisitions, at least to determine status and to refer to ICP/DSC.
(Section V!I-E applies).

Recommendation 10 - NAVSUP direct CONUS supply centers to
investigate representative cases in which IPG I and Ii requisitions
require more than 48 hours for initial processing into the computer
and take or propose necessary systemic-action to avoid such delays.
(Section VII-D:applies).

Recommendation 11 - NAVSUP direct NSC, Norfolk to ship all IPG I
and II material destined for the Sixth Fleet via Military Airlift
Cornmand scheduled flignts, provided that periodic analysis of receipt
data reported by computerized, ships as described in Section VII-O or
equivalent data indicates that delivery to ship via MAC is as rapid
as delivery via Air Parcel Post. (Sections VII-J and VII-O apply).

Recommendation 12 - NAVSUP direct NSC, Oakland to ship all IPG I and II
material destined for the Sixth Fleet by Military Ordinary Mail provided

-that periodic analysis of receipt data reported by computerized ships
as described in Section VII-0, or equivalent data indicates that
Mlilitary"Ordinary Mail continues to enjoy priority treatment within
CONUS.. (Sections VII-J and VII-0 apply).

Recommendation 13 Whenever possible, NAVSUP develop and
promulgate rues f-or-use by Navy shippers that will insure responsive
transportation service at least cost; where specific rules cannot be
developed NAVSUP promulgate policies, guidelines, and direction to
all Navy shippers to analyze shipping destinations and transportation
rates with a view to purchasing the cheapest responsive transportation
service, (Section VII-J applies).

Recommendation 14 - CNM investigate modification of 3.,M datd
collection system for ships to collect information on delays due to
ships operatfon and outside assistance (e.g., IMA or Tech. Assistance)
and, if feasible, undertake collection. (Sections VI-A2 and VII-M apply).

Recommendation 15 - To prevent distortion in measuring operational
availablity of shpoard equipment, NAVMAT establish a single standar'd
method for measuring time in computing mean time between failures,
mean time to repair, and mean supply response time. (Section VII-N
applies).

Recommendation 16 - NAVMAT investigate the causes of serial
requsi-to-nlng, especially those related to fault isolation, and
develop methods, procedures, or programs for reduciig serial
requisitioning. (Section VI-1 applies).
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APPENDIX A

STUDY DIRECTIVE OF 31 AUGUST 1971

MODIFICATION OF 27 MARCH 1972

EXTENSION OF 18 JANUARY 1973
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DEPARTMENT OF THE NAVY
OFiCF, OF THE CHIEF OF NAVAL OPERATIONS

WASHINGTON. D.C. 2)}35U
IN -IL LY REFLR TC

OP- 96/vpo
Ser 397P96

Irom: Chief Of Naval Operations A 1971To: Distributibn List

Subj. Study Directive for Ship Supply Support Study

.Ref: (a) OPNAVINST 3501.4 of 29 May 1969, "Navy
Readiness Analysis System (NRAS)"

.ncl: (1) Estimating the Effect of Supply Support on
Mission Readiness

(2) Use of Realistic Factors in Study
(3) Manning Requirements
(4) Guidance Concerning Approved Threat and Study

Assumptions

1. Title.. Ships Supply-Support Study (S4).

2. lye. CNO in-house Study.

3. Backaround. There now exists no way of describing the
relationship between the budget dollars allocated to
supply support and supply support effectiveness that is
indicative of the material condition of the fleets and
is a measure o.f the capability of the fleets to implement
the strategy as set forth by. the President and the National
Security Council. Numerous studies have attempted to develop
a meaningful measure of supply support readiness that
would be a part of an effective means of managing supply
suppoit from the CNO level. There have been developed
several "supply effectiveness" procedures intended to measure
specific aspects of internal supply system efficiency, i.e.,
percentage of total requisitions satisfied, percentage of
items demanded actually oiboard, Consolidated Shipboard
Allowance List (COSAL) effectiveness. Measures of this sort
do not provide the CNO with the criteria required for efficient
allocation of budget dollars to supply sUpport.

4. Objective. This study will define, develop, and propose
an automate model by which supply support dollar outlays may
be related to fleet capability. The main product of the
study should be a mechanism for periodically reporting to
the CNO the readiness of fleet units (from a supply support
standpoint) and the monetary expenditures required to iain-
tain or adjust these levels of readiness. The method should
be capable of predicting the effect on availability of
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varying supply support expenditures, including expenditures for
material, depot repair, transportation, personnel, and computeis.

5. Specific Guidance. The study will first undertake a review
of all existing data reporting and material management syqtems.
The need for a new data reporting system is doubtful. Rather,
an effort should be made to use the profusion of data now in
existence. The study should look at efforts such as the Navy
Readiness Analysis System, refere,'ce (a). The material pre-

*sented in enclosure (1) is an attempt to provide a conceptual
view of readiness and its relation to supply availability,
throughput times, and attendant costs. The study group should
attempt to keep its results on the simplest level possible.
Although material readiness is a very complex function of many
variables, a clearly understood, relatively simple measure of
output is critical to fiscal management of supply support. The
scope of this study will be limited to General Purpose Forces
(excluding aviation). In order to provide the decision-makers
with quantitative analytical rationale with which they may
select the most effective and efficient options, it is imperative
that:

a. Assumptions necessary to structure the analysis be
clearly identified (the Study Project Officers Handbook stipulates
that assumptions should be clearly stated in a separate para-
graph at the beginning of the report. Further, those assumptions
which are applicable should be restated at the beginning of
each chapter, annex or appendix of the report).

b. Sensitivity checks and uncertainty analyses will be
conducted for assumptions in general conformity to the guidance
contained in enclosure (4).

c. Strong emphasis be placed upon specifying a realistic

threat as discussed in enclosures (2) and (4),

d. The study report include an appendix that will describe
mathematical or simaUiation models used for the study in terms
that would provide, a clear and concise description of the
fundamental workings% of each model or simulator. This description
should explain in quclitative terms (logic diagram) the general
methodology. Upon request, the detailed analysis will be made
available for review.

b.6 PUrjc. T'he output of this study will be a procedure or
3et 1 ? procedures that can be employed nnually by the Navy

as part of the Planng-Programming-Budseting Systom (PPIIS) to
justify and alocate budget dollars to supply support. It is
expected that this study will result in .i new OPNAV directive
for the management of secondary items which will be a useful
tool for supply support management.
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7. Coordination.

a. The Study Sponsor is the Deputy Chief of Naval Operations
(Logistics).

b. CAPT W. J. McCLAREN, OP-412, is designated the CNO Pro-
ject Officer and is responsible for compliance with current
instruction on the CNO Studies and Analyses Program and the
guidance contained in enclosure (2).

C. An Advisory Committee will be established with the
17 Director, Material Division, OP-41, Chairman- and the following

members or their designated representatives: OP's -- 02, 03,
05, 90, 96; NAVSUPSYSCOM, NAVMAT, and CNA.

d.. CDR M. K. SHIPLEY SC, USN, OP-964C, is designated the
OP-96 Study Monitor.

e. Manning requirements for this study are contained in
enclosure (3).

f, The Director, Systems Analysis Division is directed to
conduct a series of technical reviews of this study during its
progress. T . purpose of these reviews is to evaluate the
validity '-f the study approach and the quality of the analyses.
The results of each review shall be promulgated to the members
of the- Advisory Committee and the Study Project Officer.

8. Rezor ti n:.

a. The Study Plan will be submitted to the Advisory
Committee for review and approval within four wceks from date
of this Directive, Upon approval by the Chairman, copies of
the Study Plan will be forwarded to the VCNO, DNPP, CNM, and
COMNAVSUPSYSCOI, for information. Study progress should not
be delayed pending approval of the Study Plan.

b. Monthly reports vill be submitted to OP-96 in accordance
with current instructions.

c. The study effort will be divided into four phases:

Pf1ASI I - Review and critique of existing models and data
systems.

PHASE 11 - Preliminary design and labora:.orv testing of the
procedure for a limited range of material,
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PHIASE 1i - Final design and testing of the procedure un a
full scale basis

PH{ASE IV* - Preparation of production computer programs;
establishment of data input files, and documentation
of operating procedures.

1. st-udy reijrts shall be submitted as follows:

(1) ieorking Papers to Advisory Committee as available,.

(2'i Interim Report to Advisory Committee by 1 Jan 1972.

(3) Final Report to the C\O by 15 August 1972.

L(4) Operating System to be turned over to executive

-agent by 10 March '1973.

Distribution:
OP-02 'CL

UP-04 r- P121ning

OP -090 E
OIP-90
OID-96
CNM
NAVSU PSYS CONI
President CNA

Copy to:,
ASN(T&L)
o PA
ONR (Code C)0)
CINCLANTFLT
CINCPACriT
OP-41

OP-Ct '4
OP-943G
OP-964
ESO
FIMSO
SPCC
MSO
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ESTIMATING THE EFFECT OF SUPPLY. SUPPORT

ONMISSION READINESS

The influence on ship; task force, or fleet readiness
of specified levels of supply support car, be estimated by
combining the results of subordinate analyses and simula-
tions which investigate successively finer details about
the performance of the supply system. This paper broadly
describes these analyses and suggests how they might be
combined to provide overall estimates of readiness.

In general four analyses are required to estimate the
effects of supply on mission readiness. In increasing
level of detail, these are:

J.. Evaluating the ability of a task force or fleet to
perform its mission given the overall performance of
individual weapors systems or ships and the relative
importance of each weapon system or ship to the completion
of the mission.

2. Estimating overall weapon:system or ship effective-
ness as a function of operational availability a5suming
other fautors are held constant.

3. Computing opera cional availability -- the ra o
of uptime to total time -- as a function of mean time
to supply material to shipboard users.

4. Quantifying mean supply response time (MSRT) on
the basis of supply availability and throughput time at
each echelon in thQ supply system. Subordinate analyses
must be conducted or observations made to estimate supply
availability and delay times. Each of these analyses
are outlined below. The first two analyses are involved
with the weapon's operation while the latter two deal
with the supply aspect of the problem. It is considered
feasible to pursue effort along both lines simultaneously
and independently. Prior to exercising the procedure, a
suitable interfacing of the two basic parts must be made.

MISSION PERFORMANCE ABILITY

The ability of a task force or fleet to perform its
missions can be evaluated by a series of simulations which

ENCLOSURE (1)
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would consider the various threats facing a task force,
the probability of their occurrence, and the chances of
successful U. S. Navy response, given the pe-rformance
states of individual weapon systems or ships,

WEAPON SYSTEM EFFECTIVENESS

The effectiveness of a weapon system is a function of
3 variables*:

Its performance -- whether it flies at Mach 1 or Mach 2,
whether it hits within 50 or 500 feet of a target,

its utilization-- the extent to which it will be
employed, assuming it is functioning properly, and

its availability -- the fraction of time the weapon will
b "up", that is, functioning, ready for use.

Because the supply system cannot in any way affect the
performance or the utilization of a weapon system, these two
variables are assumed to be fixed. Values of these variables
should be set at currently observed figures and the remaining
variable -- availability -- adjusted to yield the minimum
weapon system effectiveness necessary to complete the missions
simulated in the first analysis described above.

OPERATIONAL AVAILABILITY

The factor of operational availability needed to evaluate
weapon system effectiveness is simply the ratio of system
uptime to total elapsed time. Operational availability (Ao)
can be more precisely defined by the following expression:

A0 = MTBF

MTBFW + MRT + IAAT + 7

where:

MTBF mean time between failures (the average time
elapsing between the start-up of an equipment and
its next failure).

* See Navy Systems Performance Effectiveness Manual,
NAVMAT P-3941A; Headquarters Naval Material Command,
Washington, D. C., 1 July 1968; pp B6-BIO.
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MRT = mean repair time (tie time a mechanic or technician
spends actively repairing the equipment).

MADT= mean administrative delay time (the average time
a repair is delayed for administrative reasons.
hese delays rire of three kinds- delays in getting

repair personel and equipment to the repair site,
waiting for iutside assistance to complete repairs,
and delays due to ship's operations).

MSRT = mean supply response time (the average time the
supply system requires to get needed parts and
components to the repair site).

It should be noted that the factors determining opera-
tional availability need not be single valued. Thus, it
will very likely be appropriate and economically feasible
to use one value of MRT characteristic of electronic gear
and a quite different value in estimating the availability
of hull, mechanical, and electrical equipment. It is even
possible to observe or estimate average values or a distribu-
tion of values for individual equipments, although this
would probably be probibitively expensive.

For purposes of the Ships Supply Support Study values
of MTBF, MRT, and MADT will be assumed to be fixed by
external conditions. It should be observed that these too
can be varied so as to estimate the relative gains per
dollar of expenditure to be achieved by decreasin g HSRT
or by reducing MRT and MADT (i.c., by increasing the numoers
and skills of shipboard mechanics or by improving the
maintainability of the system) or by increasing MTBF (i.e.,
by enchancing the achieved reliability of the equipment),

MEAN SUPPLY RESPONSE TIME

Mean supply response time (the single variable in the
expression for operationalavailability to be exercised in
this study), is, in turn, a function of the supply availability
at each echel-on in the supply system (including the ship's
storeroom) and the time required, to satisfy an end u.e
requisition. The expression for mean supply response time is:

MSRT a, tj + (1-al) a7  2 + ," + aj tj IT (3ai)

...



where- "ai  the probability that the ith echelon will

satisfy an end-use requisiTion not satisfied

by a lower numbered echelon.

= the time elapsing from mechanic's stated
need for material until the mechanic receives
material from the ith echelon.

The MSRT ( and hence the operational availability) as-
sociated with a given level of investment and expenditure
can be estimated if functional relationships can be constructed
between money spent at a given supply echelon and the resulting
availability.(ai) and processing and transportation delay (ti).

Several inventory analyzers and simulators have been
developed which will accurately relate levels of inventory
investment in dollars to the probability that a requisition
will be satisfied. Some simulators- even account for rationing
among multiple claimants for a single item.

It is possible to collect data on the costs and speeds of
various modes of transportation and communication. Furthermore,
one can observe current values of salaries for operating
personnel and of computer rentals and the associated requisition
and material throughput times. In very simple cases, the
effect on throughput (i.e., delay) types of changes in numbers
of operating personnel and computer capacity can be deduced
analytically; in the complex situations characteristic of
the Navy supply system, simulation techniques should be used.

First priority and major effort will be given to the third
and {ourth major analyses described above. This will result
in che development of a model which relates funds spent for
various supply purposes at various levels to the operational
availability of individual weapons systems. If the weapons
systems essential to the completion of a mission can be
enumerated and if these systems can be assumed to be either
in an operative or totally inoperative state, then the ship's
effectiveness in support of a mission can be estimated.

A-i0
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MEMORANDUM FOR CNO PROJECT OFFICER FOR SHIPS SUPPLY SUPPORT STUDY

Subj "Use of Realistic Factors"

1. The use of realistic factors in studies and the mechanism
for ensuring such realism are areas of concern to the CNO_
which must be properly managed to produce credible study
results. The Study Sponsor and Project Officer have a primary
responsibility for injecting operational and technical rea-
lism and sound judgment into every facet of the study effort.
Matters to which attention should be devoted to achieve the
degree of realism expected should include but not be limited
to the composition. of the Study Group, the development of
the Study Directive, a comprehensive Study Plan, the threat
analysis, the process of selection and validation of performance
factors, effectiveness criteria, numerical data and study results.

2. The objective of this study is to'provide the CNO and
SECNAV with analytical insights into the merits of alternative
courses of action, as a basis for decisions in which opera-
tional experience and judgemental factors have been incorporated.
The development and presentation of findings must provide for
the incorporation of these factors.

a. -Criteria of effectiveness must consider the diversity
of unpredictable situa.tions in which forces may have to
operate. A scenario is a useful tool for quantitiative
analysis, but no single scenario can reflect this diversity.
Even when multiple scenarios are used, measures which nrovide
the operational commander with additional margins of flexibility
against the unpredictable must be developed.

b. Criteria of effectiveness must not be limited to
those fer which hard quantitative measurrs can be assigned.
Efforts must be made to assign effectiveness for deterrent
or other peacekeeping roles in which the output is difficult
to quantify, or alternatively to note the existence and pros-
pective importance of these roles in making a final decision
on forces.

c. The study should reflect the understanding that for
many military tasks, in war or peace, timeliness of response
and/o" concentration, as well as other qualitative values
(such as covert or uncommitted response, retractability, and

SENCLOSURE (.2)
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political flexibility) may be critical factors in determin-
ing effectiveness.

* 3. -he initial study 6fforts of the study group should
be devoted to the collc tion and formulation of such realistic
factors and inputs for the structuring of the study base
case. Rcalist ic factor.s..and.inputs must include:

a. Scenario - What is basis? Is it reasonable, viable,
and supported by war plans (cite plans)? Are multiple scenarios
considered? Are national objectives identifiedand supported.

D. Threat - What is basis? Is it realistic and sup-
ported by approved intelligence (cite supporting justification)?

c. Own Forces'.-- Relate to force documents (JSOP, PO,
FYDP, etc.). Deploy and employ in accordance with OP Plans
(c.ite plans). Are other services forces'and. sys-tems-required
as inputs?

d. €,-Lies and Basis - Are Alliances and base rights
viable (cite justification)? How do wi degrade our employ-
ment and performance for realistic loss of Allies and bases?

2e. Own and 1;nemy Weapons - Are current and predicted.
performance factcrs realistic, related to historical
experience, and validated? What R&D factors and programs
are addressed (state-of-art or breakthrough of weapon systems)?

f. Own Tactics Are tactics employed validated by
Fleet doctrine and appropriate publications? How is it
envisioned that tactics will be varied with dynamics of
situation and engagement?

g. Enemy Tactics - Are they reasonable, realistic and
supported by intelligence? What are enemy capabilities?
Has enemy Order-of-Battle been examined?

h. Effectiveness Criteria -,What are various alter:,atives?
Have multi-missicr, roles been evaluated? Are effectiveness
measures directly related to mission(s)? Are measures
reasonable, related and supportable? Are measures being
addressed relative or absolute?

i. Costing - Current DOD program cost factors must
be used! Costs not directly associated with FYDP must be
identified (Ex: foreign base costs, lease rights, nuclear
war heads, etc.).
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j. Numerical;Data - Is numerical data accurate and
consistent for and from all Naval sources? Are there
discrepancies (identify). Are the data credible? Has
OP-03 concurred in ship force levels numerical data? Has
OP-05 concurred in aircraft levels numerical data? If
no cognizant office has responsibility for numerical data,
get OP-90A to provide or refer you to appropriate office.

4. It is recognized that varying degrees of confidence
will exist in the base case factors and inputs and that
there may be wide ranges of uncertainties in some of those
factors. The important consideration is that the degree
of confidence is noted and in particular that uncertainties
are highlighted. Such uncertainties should then be made
candidates for parameterization and a rationale for the
range to be tested should-be provided-.

5. Of special importance is that the Project Officer
understand the significance of the periodic briefings for
the Advisory Committee, and in particular, of the initial
briefing for that group. It is expected that at an
early briefing(s) the Project Officer will present base
case factors and inputs for the consideration and acceptance
of the Advisory Comittee prior to the commencement of
study analysis and production of study results. Although
the staffing and administratii;e preparations for these
briefings must be thorough, the message which must get
through to the Advisory Committee concerns the character
and depth of the operational realism which is reflected
in those preparations, and the confidence that such
realism will be reflected in the study results.

(-
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MANNING REQUIREMENTS FOR

SHIPS' SUPPLY SUPPORT STUDY

COMMIAND RANK INO0 DURATION SPECIALTY

OP-41 CAPT 1 Part Time CNO Project Officer

0>0G2 CDR/CAPT 1 Part Timeo Weapon System Missfion
Importance

OP-03 CDR/CAPT 1 Part Timie Weapon System Mission

Importance
>CMCDR/GS-14 I Consultant Study Design

ONR CS-IS 2 Consultant Study Design Theoretical
Assistance (Participa-
tion tobe requested
of ONR)

NAVSUJPSYSCOM\

(06) U'15 FL111~ Tine Assistant to Project
Officer (Study Director)

(061 GS-14 1 Part Time Technical Assistance'
Study Design

(0) 5-S/6 1 Part Time Secretarv

oT Part Time T!%hnicai Ass istance

(01) Gs 1 ., 3/4 ar ''me lIgeting and Statistics

(06) CPcs-31 Part, Iime F toot Liaison

(04) LCOR/Gs- 1 3 1 PartT t Finlancial NMalnemet,

(j)4) LC11k/GS ;- I I Part Tine* Al 1owonce andI Load
Do'i gn

(04) .C/C-1.1 Part Time Activity ngmn
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(04) LGDR/GS-13 1 Part 'rime Distribution System
Design

FMSO> LCDR 1 Part Time Tech nical Director

Fur Analysis

GS-13/14 1 Part Time Cnief Operations
Analyst

GS-13/14 1 Part, Time Chief Ccmputer
Analyst

GS-9/12 2 Full Time Operations Analyst

GS-9/12 3 'ull Time Computer Analyst
GS-3/5 1 Part Time Seetra

MOGS-11/14 1 Full Time Operiations Analyst

GS-11/14 1 Full'Time Computer Analyst

GS-11/14 1 Full Time Prograrr-mer

GS-111/14 1 Part Time Statistician

GS-3/5 1 Part Time Secretary

ESO GS-9/12 1 Part Time Liaison Officer
LT/CDR

SPCc GS-9/12 1 "art Time Liso Oficer
LT/CDR

NSC NORVA GS-9/12 1 Part Time Liaison Officer
* LT/CDR.
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G uidance Concerning Approved
Threat and Study Assumptions

1. Analysis should be presented in terms of approved threat
(NIPP year) and NIES. 1br eat variations are perm.1tted and encovraged
in order to identify the sensitivity of system effectiveitesis to threat
estimates and projections.~ However, any assumptions -thich cvpstituce
excursions from the base-line intelligence estimares rnust be c~learly
identified and documented.

2. Whenever possible the effects of relaxing the asstuptons hi
be identified. Uncertainties as far as threat, technicaJ. cost ind
operational parameters should be explored in reaszakvle r-anges to

* identify the sensitivity of the study results to such tcertainties.-
While a certain amount of judgment is required to identify key para-.
imeters, the range of uncertainty needs to be explared artd addressed
in the~ report.

It is generally useful to begin the analysis with the best estimates
available and to introduce variations, pessimnistic on lower limits and
optimistic on. upper limits to identify the effeczs ofl uncertainty on
various parameters.'
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. . . .~ .* . .' .



DEPARTMENT OF THE NAVY
OFFICE OF THE CHIEF OF NAVAL- OPERATIONS

WASHINGTON, D.C. 20350 IN REPILY REFER TO

OP-412/ipl
Ser 512P41

From: Chief of Naval operations
To: Distribution List

Subj: Modification of Study l)"iectivt. -L-- Ships Supply
Support Study

Ref -(a) CNQ ltr OP-96/vpo ser 397P96 of 31 Aug 19*11

I.Paragraph 8d of reference (a~) is revised as follows;

I'd. Study reports shall bfu sumbitted as follows:

(1) Working Papers to Advisory Committee as available.

(2) First Interim Report tc Advisory Committee by
I. January 1972.

(3) second interim Report to Advisory Committee ~
*15 August 1972.

(4) Final Report to the CNQ by 1 M1arch 1973.

(5) Operating System to be turned over to Executi.ve
Agent by 10 March 1973."

2. The designation of the 15 Auiqust 1972 report has been
changed from "Final Report to -the 0NQ" to "Secoic. Interim
Report to the Advisory Co=ittee." T'he "Final Report to the
CNO" has been shifted to I March 1973, consistent with
turnover: of the operating system~ to the Executive Ajont which
remains as originally se.heduled for 10 M1arch .3973. This
change is made to permit a more coniprehenuive and useful
final report

Distributiont
0O:-02 Copy to'.
OP-03 ASNjI&L) OP-964
OP?-04 OPA 0
OP-05 ONR (Code 460) FM8O
OP-090L CflNCXAN'IFLT SPCC

*OP-90 CINCPACFAT 14$
OP-96 Ot'-41
CHNAV4AT op=9i
NAVStIPSYSCOMJIQ or- C.. 4
President CNA OP-943G
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DEPARTMENT OF THE NAVY
OFFICE OF THE CHIEF OF NAVAL OPERATIONS

WASHINGTON, DC. 20350 IN REPLY REFER TO

OP-96/sjg
Set 69P96

JAN 18 1973

MEMORANDUM FOR THE DIRECTOR, MATERIAL SUPPORT DIVISION

Subj: Ships Suppl Support Study (S4); extension of

Ref: (a) OP-412 Memo Ser 63P41 of 12 Jan 73 (NOTAL)

1. As requested by reference (a), the Ships Supply Support
Study (S4 ) is extended until 31 May 1973 with an interim
report to be submitted. on 9 March 1973. Additional funds
in the amount of $19,500 will be allotted to the study as
required.

Copy to: .LI, I e . i
OP-090
CHNAVMAT (MAT 047)
NAVSUPSYSCOMHQ (SUP 01)
OP-351
OP-51D
OP-223
OP-92S
CNA
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APPENDIX B

STUDY PLAN

SHIPS SUPPLY SUPPORT STUDY (S4 )

i. OBJECTIVE

a. As stated in the study directive, the objective
of the study is to "define, develop, and propose an automated
method by which supply support dollar outlays may be related t-
fleet capability". The objective will be achieved '. hrough
two supply system simulators. The first of these will re-
late material investments at each of several supply levels
(or echelons) to the time required to put material in the
hands of an end-user. The second will indicate the
influence of both stock investment and funds spent for
computers, personnel, materials handling equipment,
communication and transportation, on three output measures --
requ4isition response time, supply response time, and equip-
ment availability. The simulators will be designed in such
a fashion as to show the effect of specific changes in
tha level of material and operating budgets on the three
output measures.

b. Fach of the two supply system simulators, once
designee, built, and provided with input data, can be used
as a Jboratorv in which experiments can be cheaply performed
to terst hypotheses about the supply system. The inputs to
the simulators will be data about the material demands
placed on the various echelons of the supply system and
the resources available to process these demands (or the
performance of each echelon in meeting the demands). The
output from the first simulator will be requisition response
tire - the time from the expression of an individual require-
ment aboard ship until the material is placed in the hands
of the mechanic. The second, or advanced, version of the
simulator will display (in addition to requisition response
time) (1) supply response time (i.e., - the delay to a renair
resulting frot lack of parts, and (2) the operational a.il-
a.ility of an equipment or weapon system. If the inputb
to the simulators are manip lated by changing supply per-
formance and throughput t .us or by altering resources
available for supply functions, the outputs of the simulators-
will answer many interesting "what would happen if" questions.
Possible "what if" questione area,

(1) What would happen to requisition response tiame (or



Operational. availablility; i.f the depth of each item in
th, Consolidated Shipboard Aliowance List ICOSAL) were
cut by a sprc -ified perr;e.nt-.

(12) What would happen if the m~cbile logistics support
for e were zel.Leved of all its. end-use -requisition.
processing functions?

03) What would happen if all requisitions for material
managed by the Defense Supply Agency were subiniitted
directly from: the. ship t-o the appropriate D~efense Supp'ly
Center-.

in') What wauld happen if the istock 1C-ange in the COSAL
were increasod 25 percent?

(5) What would happen if the- staffs at Naval Supply
Cenzters were permiently incrdesed-by. 500 personnel?
Would this cost more or less, -in the long run, than
-M(5 above?

(7) If~ requisition response time were cut in hali,
how much would operational availdbility be inacreased?-

2. SCOPE AND DEPTH

a. The study will address all General Purpose Forces,
except Aviatioii. Both to simplify -administrative and
data collection prohlems'and to demonstrate the 'feasibility
of making forecasts covering a. subset of the entire Navy,
the lccus of the study will be '%-h'e Sixth Fleet and its
organic and external supply support. Further to simplify
data collection problems and reduce computer running time,
some ships of the Sixth Fleet may need, to be excluded
from analysis; those that are analyzed will be selected
in such a manner as to be representative of the entire
fleet. However, the simul&tox's will be designed so that
data from another Fleet or the Navy as a-whole can easily
be suostituted.

b. 'The supply of both NSA and APA material will be
analyzed .n the study. However, ammunitibn, fuel, aviation
parts and components, personnel related items and house-
keeping supplies will not be considered.

c. The study will not look, at trade-of fs between supply
and the other factors of production that produvce ready ships.
Thus the effects on ship readiness of more (or less) supply
vs. more redundancy vs. higher- reliability and maintain-
a-bility vs. more maiii-tenance will not be addressed. How-
ever, the data and concl,,isions prodluced by this study will
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provide useful inputs to these other-trade-off studies.

3. SPECIFIC GUIDANCE AND.ASSUMPTIONS

a. The study will assume that the external environment
in which the Navy operates and the internal structure of
the Navy remain essentially constant. In particular, it
will be assumed that a peace-time-cold-war situation exists,
that the supply characteristics of Navy ships remain
essentiall.y unchanged and that current maintenance policies
will remain in force.

b. It will be assumed that second order effects can
be ignored. For example the reduction in the time to issue
a component to a ship as a result of reducing the issue time
for a piece part to a depot level repair activity will be
assumed to be insignificant.

c. With respect to the first simulator it will be
assumed .that requisition response time is an adequate
measure of supply performance. This implies that being
without,&asingle part in 10 different equipments for a
month is eguivalent to being without 10 different parts
in 1 equipment for a month. It also implies thatIb3ing
without parts a, b, c, and d is equivalent to being with-
out parts e, f, g, and h for the same length of time.
Finally, it implies that a part missing from a given
eqtipment has as serious an effect as the same part missing
the same length of time from any other equipment.

d. The simulators described in paragraph five will be
designed in such a way as to simplify maintenance in both
program logic and input data.

e. The major assumptions on which the simulator designs
are based will be clearly identified in the Technical
Memoranda and in the Interim and Final Reports. The major
assumptions will be the-subject of sensitivity analyses
(sub-tasks 5.9, 5.10, and 5.11) the results of which will
be included in the Final Report.

4. EFFECTIVENESS CRITERIA

a. The study will forecast the effect on shipboard
support of changes in certain portions of NSF, OPN, and
SCN budgets. Support effects will be described in terms
of requisition response time, supply response time, and
operational A.vailability rate, defined in Appendix A.
The simulators which form the main body of the study
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will be so designed as to estimate these three outputs
within i0% of their current values when current resources
are used as inputs to the simulator.

b. The three outputs will be measured at the ship-
board level in terms cf average performance over a period
of time (e.g., - 90 days). Although no attempt will be
made during the course of the study to estimate the
essentiality of the equipment supported, provision will
be made to weight output measures according to the essentiality
of the supported weapon system and ship. Output measures
will be aggregated by weapons systems, ship, and fleet.
Material inputs will be subdivided by echelon and cognizance
symbol of material; other inputs will be subdivided by
expending activity and purpose of expenditure (i.e., -

computer operation at inventory control points; salaries
at supply centers).

5. METHODOLOGY

a. The objectives of this study will be achieved in
the main by the development and exercise of two Supply
System Simulators - each a combination of several analyzers
and simulators * designed to explore the relationships
between material and O&MN funds available for various
logistics purposes and the response time that can be achieved
by these funds. The first will use available products and
have a narrow objective, the second will consider a wider
spectrum of logistics changes in a more detailed fashion.
The second simulator will include a device for eatimating
operational availability.

b. Several benefits flow from the early construction
of an elementary version of the simulator. First, personnel
on the study project gain practice in the design, fabrication,
and testing of a large scale flow and inventory simulator.
Second, production of an operating simulator is the first
(but not conclusive) evidence of the feasibility of the
advanced verstion. Given that the elementary simulator
can be made, its operation will test, and may lead to
improvement in, the components that are to be lifted bodily
and incorporated into the more sophisticated version. Next,
the basic simulator can be used to conduct sensitivity

*An analyzer evaluates mathematical expressions describing
the relationship between input (s) and output (s); a simulator
reproduces a stream of events according to specified rules
and by tallying results, calculates and displays a possible
relationship between inputs and outputs.
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studies to determine those features of the advanced
simulator that ought to receive the greatest time and
attention. Finally, if successful, the first edition of
the simulator can be used soon to forecast the consequences
of material resource reallocations or aucgmentations. Indeed,
where changes in processing time are nc f interest and
where requisition response time can be uzd as a surrogate
for supply response time or operational availability, the
basic simulator will continue to be useful in- resource
trade-off analyses.

c. The first (Mark I) version of the Supply System
Simulator investigates the gross supply effectiveness* of
each supply echelon (or level) as a function of funds
available for investment in stock at that echelon. This
is done by looking at a representative number of items
demanded of representative activxties at each echelon.
All or any portion, of the supported general forces can
be investigated. Specifically for S4 , the Sixth Fleet and
its supporting echelons will be investigated. Throughput
times and gross supply availabilities for each echelon
are then combined to produce an estimate of requisition
response time.

d. The Mark II version of the Supply System Simulator
will refine and extend the Mark I version by linking
requisition response time to the operational availability
of selected weapons systems by relating throughput times
to processing cost, by including alternate methods for
supplying material, by allowing for stock rationing as
well as expedited processing, and by modelling the transient
responses to changes in the system. Refinements will be
accomplished in the priority listed above.

e. The most difficult and time consuming task in the
design of Mark II version of the Supply System Simulator
involves the modelling of response time as a function of
processing resources and their costs -- personnel, computers,
materials handling equipment and transportation and com-
munication systems. Only if reasonably realistic modelling
can be accomplished in this area will it be possible to
assess the consequences of trading-off uomputers for
transportation systems or office personnel for materials
handling equipment. In fact, only if the costs of faster
processing can be estimated can trade-offs among inventories
at different echelons be accurately gauged.

*Gross supply ef'rectiveness3 is the ratio of requisitions
satisfied from stock at a particular echelon to the
requisitions submittedto that echelon.
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f. A schematic of the general structure of the Mark I
simulator is contained in Chart 1, that of the Mark II
simulator in Chart 2. Appendix 1 contains a more complete-
statement of the methodology than that given here.

6. TASKS AND TASK SCHEDULE,

a. The study will be divided into the following
nine major tasks:

TASK DESCRIPTION COMPLETION

WK DATE

1 Design.Mark I simulator 7 20 Aug 71
2 Construct Mark I simulator 21 26 Nov 71
3 Collect data for use in 24 17 Dec 71

Mark I simulator
4 Validate Mark I simulator 30 28 Jan 72
5 Conduct sensitivity analyses 60 25 Aug 72

preliminary to designing
Mark II simulator

6 Design Mark II simulator 70 3 Nov 72
7 Construct Mark II simulator 76 15 Dec 72
8 Collect additional data for 70 3 Nov 72

Mark II simulator
9 Validate Mark II simulator 88 9 Mar 73

Each task will be divided into four or more specific sub-
tasks. The resulting 72 sub-tasks will, for administrative
purposes, form the basic work units of the study. These
sub-tasks are described in Appendix 2. The lead activity
responsible for the completion of a sub-task may further
divide it for internal administrative purposes. The sub-
tasks described in Appendix 2 are all required to complete
the S4 study.

7. MANPOWER ALLOCATION

Table 1 lists the manpower requirements (expressed in
man-weeks of efforL) at each activity to complete each
of the nine taskF. Activities not listed in Table 1 but
included in the manning requirements of the study directive
will provide consulting, training, advisory, or data
collecting services at irregular intervals.

8. FUNDING ALLOCATION

Contract research will develop methods for estimating
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relationships between the time required to perform various
processes -- transmit reqvisitions, acquire material, issue
material and move it to the end user -- aud resources
required to execute these processes at various speeds
(such as computers, personnel, materials handling equip-
ment and transportation and communications systems). This
is listed as sub-task 6.2 in Appendix 2. The estimated
funding required for this research is $75,000, to be made
available from FY 72 RDT&E,N funds.

A contractor not otherwise associated with the study
will advise the CNO Project Officer and his assistants
on proposed solutions to technical problems arising
during the course of the study. The estimated funding
required for this contractual assistance is $15,000, to
be made available from FY 72 and FY 73 RDT&E,N funds.

9. OTHER RESOURCES

In addition to the resources required in paragraphs 7
and 8 above, the following resources will be required to
complete this study:

a. Computer Rental

FY 72 300 hrs @ $225/hr $ 67,500
FY 73 150 hrs @ $225/hr 33,750

TOTAL $101,250

b. Travel

FY 72 S 51000
FY 73 2,500

TOTAL $ 7,00

GRAND TOTAL $108,750

10. REPORTS

a. Interim reports will be given to the Study Advisory
Committee on 1 January 10"2 and 15 August 1972. The final
report will be submitted on 1 March 1973.

b. Except as noted in Appendix 2, each sub-task will1
upon completion, be the subject of a techrical memorandum,
copies of which will be made available to the cmbers of
the study team, OP-964, and the Advisory iommittee.

c. MonLhly progress reports will be made in accordance
with CNO Project Officer's Handbook OPNAV 96-1A.
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MAN PQWER REQU IREM~ENTS

TASK{ 
PRODUCTIlB MAN WEEKS**

OPNAV NAVSupsySCMH~Q FS S

212 
.29 28

4-11 
7 1 5

5463 
4 4 5

613 
39 42

7 17 
2 0

8140 
52

9 256 
13

TOTAL 12 32 3 2

CRAND TOTPL 702

**Lxcludes lee-Ve and ho3iidays.
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APPENDIX 1

DETAILED METHODOLOGY

a. The objectives on the study will be achieved in the
main by the development and exercise of two Supply System
Simulators -- a combination of severa] analyzers and
simulators designed to explore the relationships arong
material, O&MN and SCN funds available for iarious logistics
purposes and the response time that can be achieved by
these funds.

b. Both simulators employ the same basic equation for
requisition response time for an n echelon system which is:

I-= a t + (1-a) a t + -a (1-a Y a t
1 1 1. 2 2 3 S 3

n-1
+ .(1. + 1 (1-a) a t

i=1 i nn

where: a = probability that the ith echelon activity
i will be ab-:Le to satisfy an end use requisition

not satisfied by i lower echelon (gross
availability).

t time from mechanics need for a unit of
i material until his receipt of material from

..an activity in the ith echelon (throughput
time).

The first (Mark I) version of the Supply System
Simulator itnestigates the supply effectiveness (aQ) of
each echelon as a function of funds available for investment
in stock at that echelon; it assumes t. to be given. Values
of ai are estimated by locking at a representative number
of Items demanded of representative activities at each
echelon. Specifically for S4, the Sixth Fleet and its
supporting echelons will be investigated.

d. Most, if not all, of the Sixth Fleet combataiit
ships will be selected for analysis. For each ship the
demand for parts created by mechanics aboard shipwill
be compared with stocks aboard the ship (initially assumed
to be Consolidated Sh~pboard Allowance.,List (COSAL) stocks/
by means of an analyzer or simulator to calculate the
fraction of demands satisfied from shipboard stock. The
Fleet Material Support Office-now has available in its
records and computer programs the COSAL quantities, ship-
board demands, and simulator, needed to compute al for

... . -l



the majoi ity of the ships in the Sixth Fleet. Because
demand and COSAL information are available by Federal Stock
Number (FSN), it is-possible to get many sets of a, for
each ship. For the S4 study, separate values of a.1 (and
of ai in general) will be computed for each significant
alpha-nurieric cognizance symbol of material.

e. Once values of aj have been computed for shipboard
stocks, partitioned as above, these can be translated into
statements of support of a particular weapon system. This*
is done by partitioning the weapon system in the same way.
A hypothetical weapon system might be described as follows:

Cog Symbol of Consumption per a1 for Consumption Satisfied
Failed Part Unit Time Cog Symbol from COSAL

1N . 15 .75 .11.25
2N A .60 .4.80
1H 12 .75 9.00
9N 40 .85 34.00
9Z 20 .80 --16.00.
Part Number 5 .00 0.00

TOTALS 100 75.05

Hence, 75 percent of the require.Tents of this weapon system can
be satisfied from COSAL stock.

* f. Similarly, values of ai can be computed for the
Mobile Logistics Support Force (MLSF) echelon, given demands
placed against the fleet issue ship, repair ship, or sub-
marine tender and the loads carried aboard these ships.
Note that the demands placed on MLSF ships will not be the sum
of the demands used to compute a4 above, but will represent
the demands actually placed on Sixth-Fleet MLSF ships in
the recent past.

g. In a similar fashion, the gross supply availability
characteristic of the retail echelon (typified by the Naval
Supply Center, Norfolk) for both Navy managed material and
DSA/GSA managed material can be computed or observed, (At
least for the initial set of experiments performed on both
the Mark I and the Mark II simulators, the performance of
DSA and GSA -- including the availability of DSA owned and
managed material at NSC Norfolk -- will be considered an
exogenous variable, uncontrolled by the Navy, and therefore,
to be observed rather than computed). Finally, the supply
availability of the wholesale supply system (all activities
exclusive of NSC Norfolk that report stock status) will be
computed. The availability of stock from the last echelon --
the vendor or manufacturer -- is assumed to be unity.
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h. There will be two digressions from the general flow
of requisitions described above. The first is the local purchase
of material, when authorized, by NSC Norfolk; the second is
the use of repair in lieu cf some manufacture at- the whole-
sale echelon. However, the following source~s of material
will be ignored in the Mark I version of the simulator:
shipboard and tender repair, fabrication at any but the
manufacturing echelon, substitution of a similar item or
next higher assembly, or cannibalization.

i. Values of a. as described above can be calculated
not only for authorized stock but also for actual stock
levels as reported through the ACCESS system. When this
is done, calculations can be validated by comparing the
results with observations of availability from the real
world.

j. For the Mark I simulator, throughput times to receive
material (ti) will be observed, not computed. For each echelon
t~j will be composed of (1) sum of times to process not-carried
(NC) or not-in-stock (NIS) requisition through each of the
lower numbered echelons, plus (2) time to transmit requisition
from each of the lower numbered echelons to the next echelon,
plus (3) processing time at the ith echelon activity, plus
(4) transportation tim~e to requesElng mechanic. Throughout
these four phases, the requisition and material will be
assumed to be given the expedited treatment actually accorded
an IPG (Issue Priority Group) I or IPG 2 requisition. The
following sources of information will be used to obtain
processing timest MILSTEP Reports, Formats I and II; master
stock records at ICPs and stock points; local activity records;
and ad hoc investigations, Separate values of elapsed times
willtEe esUtimated for each alpha-numeric cognizance symbol,
except where there are insufficient observations in a giv'en
cognizance symbol to yield a statistically valid result.

k. Note that the throughput times described above for
end-use requisitions are quite different from the routine re-
supply times (i.e., - leadtime or order and shipping timne)
that must be observed in order to compute aj for each echelon.
Values of tj are applicable only to end-use requir;itions
ilowing through the supply echelons and e juse material
being delivered directly to the ultimat se, osii'
through several freight hand'eers. It is assumed that such
requisition 5 anid material are given processin6 treattet
equivalent to IP I and 11 requsitions.

1, Once values of aj anrd tj have been computed as described
above, they can be comnbined to Eorrm an estimate of requisition

timeW fr eah knd o maerilfor typical ships In the
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Sixth Fleet and for the Sixth F'leet as a whole. Then
the effect on R of changing ai and ti and the cost
associated with a given change in ai can be observed.

M. Estimates of R need not be single valued. The can,
for example, be subdivided by weapon system, as described
in paragraph e above. In addition, a distribution of
response times can be estimated either (1) by displaying
separately the (weighted) mean values of response time
characteristic of each echelon or (2) by combining (weighted)
histograms of response times from each echelon.

n. The Mark TI version of the Supply System Simulator
will refine and extend the Mark I version by linking
requisition response time (R) to supr.ly response time (S)
and this to the operational availability (A.) of selected
weapons systems, by relating processing times (ti) to
processing costs, by including alternate methods for supplying
material, by allowing for stock rationing as well as expedited
processing, and by modelling the transient responses to
changes in the system. Refinements will be accomplished in
the priority listed above.

o. Because repair actions may involve more than one
replacement part, the average repair job delay due to lack
of parts is greater than the average time required to satisfy
an individual requisition. A functional relationship will
be developed relating requisition response time (R) to the
average time a repair is delayed for lack of parts -- the
supply response time (S). Note that S may vary by weapons
system because (1) the parts replaced bear different cog
symbols and 2) some weapons systems xequire more parts per
repair than others.

p. Once S is known by weapon system, it can be combined
with other characteristics of the system to produce an estimate
of the operational availability of the weapon system through
the following expression.

AoF

F + M + D + S

where A0  operational availability

F time between failures

M =time to repair

S parts delay time

D adminiztrative delay time
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q. The most difficult and time consuming task in the
design of the Mark II simulator involves the modelling of
response time as a function of processing -esources and their
costs -- personnel, computers materials handling equipment
and transportation and communication systems. Only if
reasonably realistic modelling can be accomplished in this
area will it be possible to assess the consequences of
trading-off computers for transportation systems or office
personnel for materials handling equipment. In fact, only
if the costs of faster processing can be estimated can trade-
offs among inventories at different echelons be accurately
gauged.

r. Two general approaches to this problem have been
suggested although neither has been tried on a large scale.
The First is to produce a flow simulation which will
accurately anJ in detail describe the flow of requisitions
and material between echelons and within an activity in an
echelon. To simplify the design and running of such
simulators, one might be nested within 'another. Thus, one
very coarse s..mulator might portray the flow of a requisition
to the ith echelon and the return of material to a customer
while seVeral nested simulators would predict requisition
processing times within each echelon and material processing
times within the ith echelon.

s, Another approach is cozrelation analysis, where, by
exanination cf available input and output data, it is possible
to estimate the marginal decrease in processing time from
adding one unit of production.

t. In the event, it is probable that both approaches
will be used -- a coarse rlow simulator to tie together
individul amail processes, the costs and throughput times
for which have been estimated by correlation analysis. It
is clear that conceptual work needs to be done in this area
before the actual design of the Mark II simulator is started.

u. The advanced version of the Supply System Simulator
should include three additional subtleties ignored in the
basic version. The first of these is the adjustment in
performance and cost resulting from unusual sources of
supply -- cannibalization, substitution, salvage, use of
next higher assembly, tender repair, and local fabrication.
It may be necessary to introduce these as modifications to
the basic process as were depot repair and local purchase in
the MarX I version; on the other hand, it may be sufficient
to intxtduce appropriate adjustments to the answers from thn
main simolator resulting from side analyses.

B-15
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v. Th* effects of stock rationing should also be con-
sidered. This is the process of setting aside predetermined,
amounts of stack soe~for the satisfaction of high priorit
recudsitlons. This is an extension of the expedited
Drocessing high priority requisitions ncw receive.

w. ?i nally, seme, estimate should be made of the speed
with vlhich inpuit changes affect the vitput of the system-
Because !ar-qe numbers of requisit iolns flow through the system.

qter :;ily, changes in processing resources should lead
quI-ckly toc changes-in outwat. On the other hand, changes
in 'inventory policies and leve ' may niot be felt at the
ccnstzing end of te supp-Ly esn1 for some time -- possibly
one tco three years. The mor -ing of these one to three year

transient ~ .rsoesithe main simulator will probably be
-quite difficult. insitead, side simulations or analyses should
be sufficient to gfive a rough e-- imate of transie't effects.

x. in the S4 study neither simulator will consider one
end-use demand miore important than another, despite the fact
that several basic proposaLz have been made for handling
relative item. importance.

fl) The first of thres e is that each weapon system
te assigned a relative military essentiality, which would
be used to weight dem.and. In practice no essentiality
classification. sclzeme has been developed for General Purrose
For,,e equipment that does not involve considerable detaiied
engineerixig.arnalysis of the equipmen~t. Such analysis is beyond
the scope of this-study. However, provisi.,n will be made for
_;e;,reqatirng aL- ts according to weapon system esrntiality,
when known.

(2) A second approach is to characterize failures
according to the effect on ship's mission. Such dharacterization
is noiw being included in the 3-1. Dat.a Collection System, but
has not been available for a long enough ti-me to provide a
soind data base.

(3) A third proposal is to look only at parts involved
~n casualties, on the theory that these are the only parts
vitally affecting the ship's mission. Unifortunately, the
CASREPT is an e.-_enr;:ion report and may not include those
parts needed bu.t locally available. Furthermore casualties
account for 1.ess than It of all 3 end-use shipboard demands.
Therefore, there surely are enough prucessing resources in
the Navy to satisfy CASREPT demands rapidly, if the processing
resources have no other job. Similarly there is always enough
material %wo satisfy CASREPT demands, if t-here are no prior
demands on the material and if all CASREPT demands can be
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anticizated. Thus, to limit the study to CASREPT demands
--Is to ignore the multitude of routine reqiairements which
(a) prevent casualties and (b) delay the satisfaction of
CASREPT demands.
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A. AFLOAT INVENTORY SIMULATOR

1. Rules for Determining Range and Depth of Coordinated
Shipboard Allowance L1ist (COSAL) Items.

The COSAL is composed of five groups of material*:

*Dmn based items - those for which expected
quarterly shipboard demand is at least one unit.
Quarterly demand is the product of the world-
wide average usage, as ieported by the 3M MDCS,
and 'the number of installations aboard the ship
for which the COSAL is designed.

'lnsur-ance items - those items not qualifying as
demand based items but for which expected annual
shipboard demand is at least 0.15 units.

0Override items - those not meeting the above
criteria but nevertheless required for: preventive
maintenance or needed to correct a failure that
would significantly impair the ship's mission.

*Allowance equipage list (AEVh items, covering
primaril.y high usage, non-technical consumables,
such as paper napkins, administrative supplies, etc.

*Operating space items (OSI), such as hand tools,
carried in operating spaces and intended for daily
use. Because OSI items contribute virtually nothing
to the gross! supply availability of Supply Department
stocks, they are often excluded from statements
about COSAL range and value,

R~ange of COSIAL stocks (i.e., number of different iteni
carried) is determined by the rules described above. The
depth for demand based items is that amount which will
just insure a 90% probab. 4.lity of covering all demands that
could arise in 90 days of operation. Where appropriate,
the demand rate is adjusted to account for combat consumption.
The depth of stock for all insurance items is one minimum
replacement unit or, if none is specified, one unit.

2. Rul.es for Selecting and Determining Depth of
Selective. Iteim Management (SIM) Items**.

Tf~e fomTMiiiThs-Truton I4 I-- ~ ~
**Taken from' NAVSUP Manual, paragraph 6230
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Any item for which two or more demands have occurred
aboard ship in six consecutive months is classified as
a SIM item for that ship. Demand for SIM items is re-
computed at least quarterly based on demands observed in
the past 6, 9, or 12 months. Based on recomputed demand,
a high limit of D(E + L + 1/2) and a low limit of D(E + L - 1/2)
is calculated, where:

D = monthly demand in units

E = endurance period in months

L order and shipping time in months

The endurance period is generally three months (90 days) but
may be reduced by the Type Conander. Order and shipping
time varies between 0 and 3 months. For Sixth Fleet ships,
it is 1 month for Fleet Issue Load List items, 2 months
for other items.

When on-hand and on-order stocks of a SIM item reach
the low limit, enough stock is ordered to bring the total
up to the high limit.

Type Commanders may modify shipboard range and depth
rules in the light of operational or financial circumstances.
For example, ships on extended isolated tours may be
authorized a 3 month order and shipping time; high and low
limits on non-SIM items may be reduced to 1 minimum replacement
unit and 0 units, respectively.

SIM selection and depth rules are applied by SOAP (Ships
Overhaul Assistance Program) teams durivc a ship's overhaul
and by shipboard personnel at all other t),tes. The combination
of COSAL and SIM items constitutes the .&nitial stock list
(ISL).

3. Fleet Issue Load List Construction

a. The general procedure for determining the ranf
of items to be carried on the Atlantic Fleet FILL is this

'If the izem's demand (expressed in requisitions)
from all Atlantic Fleet ships is greater than
or equal to F1, stock the item in a depth to be
describPA below.

*If the item's demand lies between FYand F
(where F < F ) and if the ite~s price is less

2 1
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than or equal to C dollars, stjck 1 unit on the
FILL. 1

'Otherwise stock nothing.

In practice F1 has been set equal to F2 , so that an item
makes or fai.ls to make the FILL based solely on requisitions
demanded, currently set at 15 in two years.

b. The depth of the FILL for a given item is the
greater of 1 unit or the FIRL (Fleet Issue Requirements
List) divided by the number of FILLs authorized for the
Flee(. (For the Atlantic.Fleet 3 loads are currently
authorized.) The FIRL quantity, in turn, ia calculated to
satisfy 90 percent of the units demanded.during a mobilization
support period. In particular, the FIRL quantity is:

DK +to KE

where: D is average quarterly demand

K is combat tempo factor %

E is the support period in quarters
(currently set at 1)

t is the number of standard deviations in the
Gaussian distribution such that:

Prob(Demand in E > D K E + t rKE,) X C

UKE

C is the item's unit price

a is the item's quarterly standard deviation of demand

is a control variable used to reach overall desired
effectiveness

C. In addition to the FILL quantity, which is computed
by FMSO and prescribed by the Fleet Commander, the AFS Supply
Officer can add depth based on local conditions, The
increased depth is called POS (peacetime operating stock).
For an item to qualify initially for POS stock, it must have
a minimum number cf demands in 6 months. To be retained as
a POS item it must pass a lower minimum.

The depth of POS stock (which is added to the FILL
quantity) is:

AW5D+UL + BD

C-5
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where: A is a control variable to adjust the amount

of operating stock

L is the order and shipping time

B is the number of quarters of stock in the
safety level.

Both A455 and BD are constrained within predetermined months

of supply. Replenishment occurs when total stock drops to
DL + BD + FILL quantity*.

4. Demand Generation

The method of generating shipboard demand depends
on whether demand has been observed and recorded in the
recent past. If demand for an item has been observed in
the 18-month 3M data collection period, the generating
technique described immediately below is used. if demand
has not been observed, the generating procedure described
in paragraph 4b applies. AFS demands are limited to those
appearing on a demand history tape maintained by FMSO and
are, by definition, observed.

a. Items with observed demand - Item demand is

generated in the following steps:

(1) 'ompute the average days between requisitions

where T = total days demand was recorded

R = total requisition recorded for item

(2) Compute average requisition size:

where D ' total unit demand recorded for item

For f-au1t6he r U if Ars Ream Ion Rulei
User's Manuali R. J. Gabrieand E. L. Peters; Fl t M a

-- O c-, 2 September 1971
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(3) Generate the actual days to the next
* requisition:

+
t [-T log X + 0.51

where X uniformly distributed random number
between 0 and 1

+

j [y) = largest integer in y

(4) Generate an actual requisition size:

S = log X + 0.

log ( 1 j

b. Items without obseived demand - The generation
of demand for an item with no observed data requires an
assumption that the period of observation is a "typical"
period. This implies that the items which have observed
data will continue to experience similar demand patterns
in any other similar time period. The following procedure
is then applied to the development of these parameters:

All items which experienced demand during the period

of observation are stratified and counted by
cognizance symbol and ship

*All items which could have experienced demand
during this period are stratified and Qounted
in the same manner.

OA probability is developed based on the counts;
i.e., the probability that an item with the same
cog symbol on the same ship will experience
demand during a year.

OThese probabilitles (by cog and by ship) are
then used to compute Prob (D = X) =() px qn-X,xn
the probability of X demands in n years, for
values of X from 0 to n. (For purposes of the
current simulation, n wiJl equal 5).

OThe value of X implies the expected number of
demands to be received during the simulation
period. This can then be used to select a
mean time between requisitions. For an observation
time period of 1 year and a simulation time period
of 5 years the mean time between demand in

C-7



days is 1800/X, unless X is 0, in which case

no demand is generated for the item.

5. Weighting Shipboard Outputs

Because the shipboard portion of the Afloat
Simulator analyzes a sample of the ships in the Sixth
Fleet, it is necessary to weight the several outputs for
each sample ship type according to the prevalence of that
ship type in the actual fleet. The value of the ship data
elements for number of items carried, ntmber of requisitions
received per year, value of annual demand, value of inventory,
value of intransit inventory and number of resupply orders
is computed by use of the following formula:

n
v.w.

V = i=l

iWi

where:

v = the value of the element of interest (e.g., items
j carried, requisitions, etc.) for the jth cog

V = the observed value of the element of interest for
ij the ith ship and the jth cog

W the appropriate weight assigned to the ith shipi

n = the number of ships

The availability and throughput time at the shillboard
echelon are also a weighted average and computed in a
manner similar to the formula cited above. However, since
a ratio is being computed it is necessary to weight both
the numerator and denominator. The following formulae
display these computations:

~Zs Wi Ti
a 7 Sij i 'i

P W a
iS i

where:

a = weightod shipboard availability of material for the ith
j cog

C-8



t = weighted shipboard throughput time for jth cog
j.,

S = the number-of requisitions satisfied by the
ij inventory of the ith ship for the th cog'_

P = the number of requisitions placed on the inventory
ij of the ith ship for the jth cog

W = the appropriate weight assigned to the ith shipi .

T - average throughput time on ith ship
i

C- 9



B. AFLOAT INVENTORY SIMULATOR

1. Replenishment Rules Used by Inventory Control Points

(a) Demand forecasting - Quarterly demand observations
are single exponentially smoothed according to the following
expression:

D = D + (I.- a) D
w o 0

where D is the forecast for the coming period
A I

Do is the forecast for the current period

D is the demand observed during the current period

0

Ct is a smoothing constant, 0 < a 3.

The above smoothing is applied to demand, to returns of ncn-
RFI carcasses, to procurement leadtime, and to repair turn-
around time.

In actual operation, D is tested before it is accepted
into the above formula to 0make sure that the value is not
extremely unlikely. In addition, there are tests for a
step or trend in demand, resulting eithr  from past
observations or anticipated changes in program level. None
of these tests is included in the simulated version of ICP
operations.

Standaid deviation of demand is computed as 5/4 of A
whicil is:

4i - D 0 + (1 - 0)

where t and Al are the current and previous mean absolute
deviatins.

(b) Order and repair quantities - The c.-kder and repair
quintities (Q) computed by the 1CPs and in the simulation are:

0 Consumable order quantity -- 8AU

Repairable item order quantity SA(

c-10



Q= Repairable item repair quantity = 8AD=Va I

where A is the cost of purchasing or inducting for repair

a is the holding cost per annum per dollar of
inventory

c is the unit purchase cost

R is the quarterly carcass return rate

c' is the unit repair cost

The order and repair quantities computed as above are con-
strained not 'o exceed the shelf life, technical life or
program life of the item, not to exceed some arbitrary ce.ling
on purchase quantity, and not to fall short of $25 worth, 3
months worth, or 1 intermediate unit pack. In actual practice
but -ot in the simulation, order quantities are adjusted to
take account of price breaks.

(c) Risks and reorder points - A risk of stock-out
and a reorder point are calculaued for each order and repair
quantity; the reorder point is then compared with available
stock to decide whether to buy or repair.

Stock-out risk, consumable item acsQ1
XED + acsQ

Stock-out risk for purchasing reapirable =

acsQ£

XE(5-K) + arsQ

Stock-out risk for repairing repairable

ac'sQ 3

XED + ac'sQ
3

where: s average requisition size i units

A =imputed shortage cost, adjusted to meet
specified performance goal or to live within
budget

E relative item essentiality

C-1I



The associated reorder (or repair) point is the smallest
quantity of stock for which the probability of greater demand
during the leadtime is no more than the stock-out risk given
above. The mean leadtime demand is defined to be:

DL; (D- R) L + R (L -T) ;or

RT, respectively, where:

L = average procurement leadtime

T average repair-turn-around time

The assumed demand distzibution is negative binomial,
Poisson or Gaussian, depending on the value of the mean just
described.

2. Demand Generation

If one or more demands has been recorded in the ICP
files within the past two years, demands are generated as in
Section A4a of this Appendix. For items not appearing on
the demand records in the last two years a special analysis
was made of the Demand History Files at ESO and SPCC, with
the results shown in Table C-1. This table, based on an
analysis of -che 73,000 items at SPCC and almost 29,000 items
at ESO showing no replenishable demand in two years, is used
in conjunction with a random number generator to determine
how many units (5) of a slow moving item might be demanded
in five simulated years. Then the average time between
requisitions is:

1800 s
D

where s is the average requisition size, taken from one
of the last two columns of Table C-I. These
requisition- sizes are typical of SPCC items
with demand an the most recent two years; it
is assumed that USO items have about the same
requisition sizes.

Given T and ii, item deimands are generated as described in
Section A4a of this Appendix.

Note that the 73,000 items without replenishable demand
in the past two years constitute 32% of the items that have
been stocked by SPCC for at least two yearv and that additional
items may have had non-replenishable demand during that period.
A similar analysis of ESO items is not available.

C-12



DISTRIBUT:CN OF DEMANDS

FOR SLOW MOVING ITEMS

Units 'Cumulative Percent Average Requisition Size
Demanded E!S'O SPCC Co~isumable Repairable

0 36-11% 52.49% 0 01 62.38 69.16 1 12 73.65 '8.13 2 23 79.66 82.52 3 34 83.97 86.32 4 4
6 87.24 68.75 1.849 1.867689.92 90.97 1,849 1.1967 91.55 92.24 1.947 1.5628 3.17 93.64 1.954 1.5709 94.24 94.43 1.887 1.83810 95.65 95.67 1.852 1.4431196.41 96.28 1.856 1.F.0912 97.19 97.13 1.945 1.7-t 313 97.66 97.54 1.867 1.69714 98.07 97.95 2.195 1.859

15 98.47 98.36 2.095 1.45651698~1 98.82 2.293 1.68917 99.14 99.06 2.318 1.93418 99.39 99.32 i.998 1.76319 99.58 99.49 2.402 2.27320 100.00 100.00 2.260 2.028

TABLE C-1
C- 13



C. SYNTHESIZER COMPUTATIONS

1. Call in Inventory File - Echelon 1, cog 1H, base
values of case 1 and all data for case under analysis
(case k). o

* 0
2. Compute: inventory (I ), $ obligations (P1lHk)'

i,lH,k

items carried (K1,lH,k), resupply requisitions (YlH,k),

and gross availability (AI,lIi,k) as linear interpolations of

data in Table l,iH,k. (Barred values are base values from
case 1; those with caret are interpclated or computed values;
those with asterisk needed only for incremental resource
analysis portionof report; and those with a circle needed
only for inventory, workload, and performance.)

3. Compute: requisitions issued, Si = A W

requisitions referred, N tl-A WIlH,k IliH,k 1,1H

requ-isitions received, G 1 6 = aza Case requislti-urlb

received i ,iH,k IlH

basic requisitions satisfied = S W
i,IH I ,IH 1 ,1H

basic inventory I = I
1liH i,Ifl

cumulative availability V k A
,iH~k 1 ,3IH,k ..

4. Call in cogs 2H through 9Z, base & oE case 1
and all data for case under analysis. Pepeat computations
in steps 2 and 3.

5. Call in echelon 2 (AFS), 1H cog, cases 1 and k and
compute,

o

I as above

2, H, k

0
K as above

2 ,IH,k

C-14



Y,1 as above

AIIH,k as above

!- IliH,k +  Y1,I11,k

requisitions received G.I.,k W,IH'

+ Y1,IH

where N (I-A W

requisitions issued Si A. GIlk1, k 2,1H,k

requ.:siticns referred N = (1-A ) G~11 ,k, Ilk' i l,k

basic inventory i if. ,lH,l ,1IH

basic requisitions satisf ied S A.
1lH

cumulative availability =V. ,.!,k I -P.li) A.. .IH,k + ,l,k

6. Call in cogs 211 through 9Z and repeat step 5.

7. Call in echelon , (screening) IH Cog, cases 1 and k, andc compute;

availabi.lity A.,.k A3, l,k
-1? , l' k t

requisitions rectived , 1o W,

where N 1 ' (I-A i i
-A -

requisitions issued. , Il,k A. Li, k (3 x

reuiiton r~ered' N (-",A
re u s t o s I .O z-, ik ,!}i,k )l,

cuMulative availability, ',l V ,k = ( - Ik) A-.,1I1,k + V.

basic r'equisition4 ruferred N W I-A

8. Call i n cog; 211 througgh 9Z and repeat. step 7.

9. Call in echelon 4, (Norfolk), cog IH, bastl values of case 1
and 4ll data for case under analysis.
Compute:



0

, kas in echelon 1 above

.0

P 4,lH,k as in echelon 1 above
0

K as in echelon I above
4 ,1H,k

y as in echelou 1 above
4, iH,k

A4 ,i', as in echelon 1 above

S N2,IH,k + Y2,l1Hk - $¢H
requisitions received, G4 , HHk =  + ,I14 3 111,k

Yr S

where S 3 A, IH W3,111 , ,l

requisitioas issue6, S k  A G

requisitiins referred, N ,l11k 4(A ,l,k) G4 ,1ik

basic inventory, I , L

cumulative avalability V - (l-V3 1k) A4 l'l + V, Hk

basic requisitions satisfied A

10. Call in cogs 2H through 9Z and repeat stop 5.

ii4 Call in ICP data (echelons 5-9), 1H cog base values of
case I and 1 data for case unde consider ion. Compute for
echolon 5 (referral)t

a~*~nechelon I
I. IH~*as in echelon 1

1, k as in echelon 1

C-16



'Y~l~ as in echelon 1

A as in echelon 1
5,H,k

Requisitions received, G N 4,{% Hk}
5,lH,k 51

requ.isitions issued,. S A

cumulative availability V )1- A + V
5, 111,k (lV-,:H,k s5~b ,lH,k '1'

basic inventory I ~1

basic requisitions issued A w

1.Compute for echelon 6 (backorder):

A as in echeloni, I ,

requisition issued, S A G

cumulative availability vl~ +l- A V

b~asic requi~itions issued S A w

13. Comnpute for echelon 7 (spot buy):

as in echelon 1

A as in echelon 1

I OquSitiofl5 ;suad' S t A G

cumiulative availability, V (1-V 14. A +

11I4I, k

basic requisitions issued, W
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14. Co'mpute for echelon 8 (spot repair);
0

K as in echelon 1
-lH,k

0

P as in echelon 1

Y as in echelon 1
1 ,H,k

A as in echelon 1
8 1lH,kY.

requisitions issued, Slk A GHk5l~

cu mulative Aveil~ahility,, V 8,Hk=(1-V H~ ) A 8]Hk+ V 7,11

basic requisitions issued, A W

15. Repeat computations in steps 12 through 14 for 211 through
9z cogs.

NOTE: All computations given have been for the case in which
user wishes to~ assume a proportional workload change.
If he wishes to assume an absolute change, then whenever
a term of the 'form {a} ,ers. braces,. it-should

be replaced with a term of the form + { A-B

16. Save all computations for report generation.
0 *

Save V N N S ,I , K
ijk ijk iJk ijl ijl ijk iji ijl

K ,Y ,Y for further computation.
ijk ij! ijk

"-7. Begin computation of throughput time.

0-18



Compute for each leg (m) that the user has selected
the ratio:

jm ijk
m Z

J'-m ikl m

and use this ratio to compute by linear interpolation the mean
throughput time (M) and the probability of throughput in x
days [Pr(T m = x)] if user wants distribution of throughput
time. If extrapolation would be required, stop program and
print on terminal the leg number involved and value of ratio.

18. For each echelon-cog combination compute:

T F M for only those legs appeari.: in an
ijk m jm m

echelon-cog path.

19. For-those legs (5, 7, 8, 9, 13, 14, 68, 69, 85) that provide
alternate paths, compute:

Pr (T X) = Q Pr (T = X leg 1 used) + Q Pr (T = X1 2

'leg 2 used)

where Q ;Q =1 -Q

12 + i
1 2

Then for any two legs (m 1 and m 2) which appear in an
echelon-cog combination and whose dimensions are in hours
compute:

Pr (T x + x,) pr (T x ) Pr (T x1 1 1 2

for all combinations of x and x . Then, using data12

about a third leg (m = ,) with hourly dimensions, compute
Pr (T = x + x x)= [Pr (T x ) Pr (T =x)

1 2 3 3 1 3
Repeat this until all legs with hourly dimensions have been
included.

x=24d
Then compute Pr (T = d days) Pr x hours

x-24Cd-i)
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Next combine in a similar manner the probability values
for all other legs of interest with the probabilities
Just computed.

20. For each echelon cog combination, compute:

V -V = V for all i 1

ijk (i-l)jk ijk

V AV fo r 1. =
ijk ijk

E =ith ecI-,elons contribution to R. T A V
ijk jk i k ijk

R =ZE
jk i ijk

Pr (R. =x)= A V Pr (T x
jIk ± ijk ijk

Y
Pr(R _y)= Pr (. =x)

jk x=0 jk

A I

ijk ijk iji

To assist in manual computation of P. for PN cog items, the
above computations should be arranged so as to produce and
p rint:

1 Pr (R. X) for each cog symbol
SAV jk

i ijk

and for the following echelons (1)

Echelon 7 alone (spot buy)
* Echelons 5 through 7

Echelons 4 through 7

21. Compute for each echelon and the case under consideration:
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U ES
S,i,k s,i j ijk iji

Tj E [N 4

N,i,k N,i ijk iji

ytilk y,i ijk iji

where Uj marginal cost of producing a unit of ouvput-
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D. BASIC PROCESS ANALYZER CALCULATIONS

In a three priority queuing system, applicable to
Navy requisition processing, it is conventional to assign
the numerals 1, 2, and 3 to the highest, medium, and
lowest priorities, respectively.

Assume that the arrivals of the first or highest
priority have mean arrival rate of al work units per
unit time, that the second or middle priority units have
mean rate a2 work units per unit time, and that the third
or lowest priority units have mean a, work units per unit
time, such that their sum is called a. The service rate
covering all priorities is u. Let it further be supposed
that the first priority items have the right to be served
ahead of the others, but that once a service of a priority
2 or 3 work unit is begun, it cannot be interrupted by
preemption.

In light of these assumptions, I't has been shown* that
the expected number of work units in the queuing sys-em
for each priority can be fairly easily found in terms
of the input and service parameters. If Q1, Q2, and Q3
are used to denote these averages, -hen we have:

3
a ' (a /u2)

1L k a
Q k + 12. l-a7ii u-

3
a (a /u2 )

2 k a
Q _- k 1 + 2

2 (1- a -T - 7u-a7.T u

3
a 3 (a k/u2)

Q k- 1
3 W- __ ia7iiT-T1 - a - /a7 - 7 d)

1 2 2 3

aA. x
Problems." J. Opns. Res. Soc. Am., 2,. 70-76; "A correction."
Ibid, 2, 547.

Morse, P. (1958). Queues, Inventories, and Maintenance.

John Wiley and Sons, New York. -
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The mean system waiting titssa ()W2) and
W(3), are then found by applying Little 'z formula,
Q =aW, on Equation (1), so that W(l) Q /a ,W(2)

Q./a ,and W(3) Q /a .The total average system wait
S 2 .3 3

can then be obtained by the weighted average of W(I),
W(2), and W(3), namely,

W =(a /a) W(l) + (a /'a) W(2) + (e. /a) W(3).
2.2 3

The variances of the system delays for the three
pr.a*rities are:

V(l) =W~ (1) - iW(J) - /u)2 + 1/u2,
2

V (2) W (2) -[W(2) 1/u] 2 + I/u2,
2

and

V(3) =W (3) [ W(3) - /uj2 + 1/u2.
2

where: W (k) is the secc:nd moment of the waiting time for
2
a priority k requisition.

The well-known inequality due to Chebyshev, namely,

Pr Y.- -L(I> kco K /k 2 ,

is employed to get the probability distribution gover~ning
the waiting times for each cf the priorities and then the
system distribution is achieved by mixing according, to
the proper proportions, The use of this inequality will
give co'nservative hounds instead of exacot expressions,
Lut these bounds are sufficiently tighit for modeling

* purposes and any firial answer would be reasonably robust.
with respect to the approximation, especially in view of

* the fact theat many su,,:h queuing system~s w'ill eventua)lly
be combined and any errors will t",end to neutralize eac~h
other in the end.

Specifically, it is assumed that the right-hand
inequality in (2) is binding and thus that

Pr IX - (XI j ~k I/k".
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Now assuming further that the probability distribution
has equal probability on each side of the mean,

Pr X - EX] > ko 1 i/(2k2 )

and

PrI E[X] - X > ko I = i/(2k2 ) . *

So, given the mean E[X] and the variance C2, the distribution
function may be reconstructed by varying !z in reasonably
small steps over an appropriate range. In the programwritten for the analysis this is done automatically for
each subsystem and then, for any specific values of theinput parameters, summary information about the q -ue isprinted out in the form of the average number of each
priority in the system, the total average system wait,the variance of the system wait for each priority, the
(approximate) probabiiity distribution for the thre
priority delays.

The distributions for the three priorities must thenbe combined in order to obtain the probabilities for thetotal process. This is done by the usual mixing procedure
as follows. If the ii- ividual probabilities for the kth
pDio..ity are denoted by { p (k), 1 < i < 20 }, and the

combined distribution by C , 1 < i < 40 , theni
C (a .1a) p (1) + (a la) p (2) + (a /a) p (3).

i 1 i 2 i 3 i

of an appropriate parameter in the program.
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APPENDIX E

GLOSSARY

ACCESS - Afloat Consumption, Cost and Effectiveness
Surveillance System.

A computerized system which collects and
summarizes basic data generated in the normal
course of supply and fiscal operations.

AFB - Air Force Base

AFS - Fleet Issue Ship, an element of the Mobile
Logistics Support Force.

AMF Air Mail Facility

ANORS - Anticipated Not Operationally Ready Supply.
Refers to the operational status of aircraft.

APA - Appropria.ion Purchase Account.

Consists of the following appropriations:

(a) Weapons Procurement, Navy (WPN)
(b) Aircraft Procurement, Navy (APN)
(c) ShIp Construction & Conversion, Navy (SCN)
(d) Ot> ; Procurements, Navy (OPN)

APOD - Aerial u~rt of Debarkation

APOE - Aerial Port of Embarkation

APP - Air Parcel Post

AUTODIN - Automated Digital Information Network

Provides high speed data transnision and
switching capabilities linking all major
supply data processing installations.

CASREPT - Casualty Report

Report submitted by operating unit indicating
reduced capability of a system and degree
of mission empairment. Used colloquially in
reference to a particular piece of equipment
which is not operationally ready.

CID - Component Identification Number



CNM - Chief of Na*al Material

COD - Carrier on Board Delivery

Air delivery of material from a shore point
to an aircraft carrier at sea.

COG :3YMBOL - Cognizance Symbol

A two position code prefixed to the Federal
Stock Number to identify the type of material
and the inventory manager. (See Table II-1
for description of cognizance symbols).

COMCRUDESLANT- Comander, Cruiser and Destroyer Force.

Atlantic Fleet

COMNAVAI LANT- Commander, Naval Air Force, Atlantic Fleet

COMPHIBLANT - Commander, Amphibious Force, Atlantic Fleet

COMSERVFORSIX Commander, Service Force, Sixth Fleet

COMSIXTHFLT - Commander, Sixth Fleet

CONUS - Continental United States

Convolution - Process to determine the probability that
two or more independent events occur in a
given interval.

Coordinated Shipboard Allowance List (COSAL) -

Defines Specific Repair parts etc. required
to support both individual components and the
ship as a whole.

COSAL - See Coordinated Shipboard Allowance List.

DCSC - Defense Construction Supply Center. (See
Defense Supply Agency)

Defense Supply Agency -

Centrally manages items common to
all Military Services.

Depth - The stocked quantity of an individual item.
(See also Range)
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DESC - Defense Electronics Supply Center.
(See Defense Supply Agency)

DISC - Defense Industrial Supply Centc.
(See Defense Supply Agency)

DSA - See Defense Supply Agency.

DTO - Direct Turn Over.

An item ordered from sources external to
the ship for immediate or planned use.

EAM - Electric Accounting Machine.

EIC - Equipment identification Code.

Electronics Supply Office -

The inventory manager responsible for
Navy secondary electronics items.

EOQ - Economic Order Quantity. The optimal
amount of material to purchase at one time.

ESO - See Electronics Supply Office.

Federal Stock Number -

A 12 digit number which identifies
each supply item fi7m all other items
in the supply system. It is normally
preced.ed by a cog symbol.

FILL - See Fleet Issue Load Lict.

Fleet Issue Load List -

Material requirements, in r:ange and depth,
to resupply deployed units for a 90 day
endurance period.

Fleet Material Support Office -

Central design agency for uniform data
processing systems for Navy supply,
principal Nal'- supply operations analysis
group, financial manager of 9-cog material,

FLSIP - Fleet Logistics Support Improvement Program.
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FMSO -See Fleet Material Support Office.

FPO -Fleet Post Office. The official address for
all ships' mail. There are two, one in
New York and one in San Francisco.

- See Federal Stock Number.

ICP -See inventory Control Point.

Incremental -A change, either positive or negative, in
the valu'e of the independent variable; also,
the corresponding change in the value of the
dependent function.

Initial Stock List-

Defines what repair parts are carried
aboard new construction ships or ships
undergoing maju,. c-nnversion.

Inventory Control Point

Responsible for program supp-ort of
assigned equi Dent or components and the
inventory management of assigned items.
NAVSUP has three ICPs: Elec'tronics Supply
Office, Ships Par'ts Control Center, and
Aviation Supply Office (not discussed in
this study).

IPG See Issue Priority Group.

ISL -See Initial Stock List

Issue Priority Group -

A categorization of three or more
individual requisition priority
indicators,. Specifically, IPG I
includes priorities 01, .02, 03; IPG 11
4ncludes priorities 04, 05, 06, 07, 081
IPG III includes 09, 10,. 1, 12, 13,
14, 15.

MAC .- See Military Airlif',. C..nnmand.

MT -Mean Adinistrative De'%ay Time. All
delays not accounted for by MTTh and MSRT.

Marginal S ee Incremental.



MATCONOFF Material Control Officer. Acts as a
liaison between a ship having a high
priority requirement and other Sixth
Fleet shios that might be able to
satisfy it.

Matrix - An ordered array of numbers.

MCAS - Marine Corps Air Station.

MDCS - Maintenance Data Collection System, a
part of the 3-M system.

Mean - Arithmetic average.

MED - Mediterranean Sea. The operating theater
of the Sixth Fleet.

Military Airli'ft Command -

Provides airlift services to overseas
destinations for the four military
services.

MILSTEP - Military Standard Evaluation Procedure.

MLSF Mobile Logi tic Support Force. Supplements.
a ship's endurance by providing a source
of fuel, ammunition, provisions, frequently
used repaib parts, general ccnsumable items
and certain insurance items not carried
".board combatants.

3-M - Maintenance and Material Manager,.ent.
Collects data on corrective maintenance
actions. This serves as a basis for the
S4 demand generator.

MOM - Military Ordinary Mail. A class of parcel
mail service.

MPN - Military Pay, Navy. Funds used to pay
military salaries.

MRRT - Mean Requisition Response Time. Average
length of time to satisfy a given requisition.

MSRT - Mean Supply Response Time. Average length
of time required to assemble all the spare
parts required in a given corrective
maintenance action.
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MTBF - Mean Tim Between Failure. Average
length of time between consecutive
failures for a -iven piece of equipment.

MTTR - Mean Time to Repair. Ave age amount of
time the mechanic spends on the corrective
maintenance action. This includes diagnosis
and actual repairs.

NAS - Naval. Air Station.

* NAVAIR - Naval Air Systems Command. Responsible
for the design, production and installation
of major aeronautical equipment.

NAVCOMSTA - Naval Communications Station. Responsible
for receipt, transmission and dissemination
of Naval message traffic.

NAVELEX - Naval Electronics Systems Command. Responsible
for the design, production and installation
of major electronic equipment.

NAVORD - Naval Ordnance Systems Command. Responsible
for design, production and installation of
expendible ordnance and major ordnance
equipment.

NAVSHIPS - Naval Ships Systems Command. Responsible
for the design, production and installation
of ships, major ships' equipment., small
boats and landing craft, and nuclear
propulsion components.

NORS - Not Operationally Ready Supply. This
refers to the operational status of an
aircraft.

NRFI - Not Ready for Issue.

NSA - Navy Stock Account. Finances the ICP
procurement of most Navy centrally managed
spares. T1e appropriation used for
reimbursement when DSA and GSA items are
placed in the Navy's retail inventory.

NSC - Naval Supply Center.

NSF - Navy Stock Fund. (See NSA)
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NSY - Naval Shipyard.

Null Hypothesis -

In a statistical test, this is the
supposition which is asserted. It is
then up to the data to accept or reject
the "null hypothesis".

O&M,N - Operation and Maintenance Funds, Navy.
Funds managed directly by the end user and
intended for the operation and maintenance
of existing equipments and systems. This
is contrasted to the appropriations for
research, procurement of new equipment
and military pay.

OPN - Other Procurement, Navy. Funds for the
procurement of high value ships' spares,
repair parts and other items of a "permanent"
nature. This does not include ships, air-
craft or weapons.

OPNAV - Office of the Chief of Naval Operations.

OPTAR - Operations Target. The amount of funds
given to a unit to finance operations.
The OPTAR Log is a record of all
expenditures against these funds.

OSI - Operating Space Item.

Paramwetric Analysis -

Systematic change in independent variables
and constants to establish their effect
on the dependent variable.

PCC - Postal Concentration Center.

POE - Point of Entry. The initial place where a
requisition enters the supply system.

Principal Items -

End items of equipment such as ships,
aircraft, or missiles.

QUICKTRANS - Navy managed conercial airline service.
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Range -Number of different items stocked.

(See also depth)

Retail Inventory-

Inventory wholly under Navy control.

RDT&E -Appropriation for Research, Development,
Test and Evaluation.

RFI -Ready for Issue. Refers to the condition
of an item.

Safety Level -The quantity of material, in addition to'
the operating level of supply, required to
be on hand to permit continued operations
ini the event of minor interruptions of
resupply or unpredicted Uluctuations in
demand.

Secondary items-

All items which are not primary items, i.e.,
repair parts, components and general use
consumables.

Sim- Selected Item Management. An inventory
control principle which, in non-automated
ships, focuses management attention on
the small percentage of items that experience
the majority of on-board demands for Inaterial.

SMOLANT - Ships Material Office, Atlantic.

SPCC - Ships Parts Control Center. Responsible
for the management of ships' items
(HIull, Mschanical, and Electrical)

convent11ioyxal a-imrtunitiofl, non-expendible
ordnance itomws, and construction equipment

s 4 
-Ships Supply Support Study.

TOR Technical Overr.de. The quantity of material
required by the Hardware Systems Commiand
to be on board in support of an Bquipment
as a vital. inw:urance :Item.

TYCOM -Type Commander, The Commander of a sipecific
group of ships or units. (See CCMCRUDESLANT,
COMPUIBLANT; and COMNAVAIRLANT1.



UICP - Uniform Inventory Control.Program.
A series of computer programs and
manual routines used for purchase, requisition
processing, requirements determination,
load list preparation and technical
data recording.

Variance - A measure of the dispersion of the data.

Wholesale Inventories -

Quantities of DSA owned material which
the Navy Stock Points use to satisfy their
customer requirements.
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APPENDIX F

INDEX TO S4 TECHNICAL MEMORANDA

Many of the 140 Technical Memoranda issued during
the S4 Study contain detailed information which confirms
or supplements that in the Final Report. These can provide
future researchers with data directly pertinent to supply
support iii the Navy, especially the Sixth Fleet. Single
copies of memoranda of interest can be obtained from:

S4 Maintenance Group (Ccde 971)
U. S. Naval Fleet Material Support Office
Mechanicsburg, Pennsylvania 17055

indicating the appropriate date and code at the right I-elow.

Availability, Effect of Routine 26 _an 73 L
Resupply on 23 $ep 72 P

Availability, ICP 24 Mar 72 L
16 Feb 72 E

Availability, Shipboa - 18 May 72 P
17 May 72 E
24 Mar 72 L
29 Dec 71 G

Jackorder, DSA 17 Apr 73 R

Backorder, Navy 14 Dec 72 G
7 Dec 72 G

Converter 2 Oct 72 K

Cost Data, Navy Supply Operations 8 Jun 73 L

Demand Data 28 Aug 72 G

Demand Data, Slow Moving Items 17 Apr 73 R
15 Mar 73 R
14 Dec 72 R

DSC Performance Data 17 Apr 73 G

Effectiveness Data by Cog 5 Oct 72 G
29 Dec 71 G
23 Nov 71 E
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Inventory, Shipboard, Dollar 9 Nov 72 P

Value of 18 May 72 P

Mark I Inventory Simulation:

ICP Simulator Results 14 Aug 72 R
Inherent Assumptions 12 Jul 72 P
Ashcre Simulator, Evaluation of 24 May 72 R
Assumptions
MLSF Simulator, Resulta 10 May 72 P
Ashore Simulator, Demand Generator 3 May 72 R
Supply System Simulator, Initial 7 Apr 72 P
Experiments
MLSF & Shipboard Simulators, 20 Dec 71 P
Modifications
ICP Simulator, Requisition Processing 17 Nov 71 G
Modification to 30 August 71 E 6 Oct 71 P
Demand and Inventory Data 5 Oct 71 E
Ashore Simulator, Gross Requisition 28 Sep 71 E
Effectiveness
System Design 30 Aug 71 E
Ships & Activities to be Simulated 25 Aug 71 L
ICP Simulation Model 6 Aug 71 E
Demand Generation for Non-Movers 5 Aug 71 E
MLSF & Shipboard Simulation Mcdels 5 Aug 71 P
Stock Point Simulation Model 19 Jul 71 E

Mark I Synthesizer 12 Jul 72 P

Mark II Inventory Simulation

Definition of Terms: Inputs, Events, 9 Apr 73 P
Outputs, Variables
Design, ICP Simulator 21 Aug 72 G
Inherent Assumptions 12 Jul 72 P
General Specifications 23 May 72 P
Ashore Simulator, Demand Generator 3 May 72 R

Mark II Synthesizer 29 Jan 73 P
2 Oct 72 E

23 Aug 72 E
12 Jul 7? P

Mean Supply Response Time 15 Sep 72 K
15 Nov 71 E

Military Air Transportation 30 Jan 73 P
20 Apr 72 P
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Mode of Shipment, DSA 14 May 73 L

Non-Standard Items 29 Dec 71 G
24 Nov 71 P

Postal System' 18 May 73 P

Process Analyzer 1 Sep 72 P
12 Jul 72 P

Rqiiin, AIRLANT 24 Aug 72 G
22 Jun 72 G

Requisitions, CASREPT 20 Apr 72 P
24 Nov 71 P
8 Sep 71 L

Requisition Data 29 Dec 71 G

Requisitions, NSC Norfolk 23 May 73 P
15 May 73 L

Requisition Paths, Partitioning of 17 May 73 P
4 May 73 G
12 Mar 73 P~
29 Jan 73 P
1 Sep 72 P

Requisition Response Time, Data 12 Oct 72 G
28 Jun 72 G
22 Jun 72 G
27 Apr 72 S

Requisition Response Time, 30 May 72 B
Distribution of 18 Apr 72 E

Requisition Response Time, 12 Jan 72 L
3-M Data 18 Oct 71 P

Requisition Response Time, 7 F~eb 72 E
Paramietric Analysis of

Requisition Response Time, 31. Aug 72 E
Validation of

Requisition Submission Time 9 Nov 72 G

Resupply Orders by Cog 18 May 72
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Sources of Shipment, DSA 14 May 73 L

Sources of Supply, Unusual 17 Nov 72 G
6 Nov 72 L

12 Jul 72 P
13 Apr 72 P
29 Dec 71 G

Spot Buy, DSA 2 May 73 G
13 Jun 72 P
8 May 72 L

Spot Buy, Navy 14 Dec 72 G
11 May 72 G
29 Dec 71 G

Spot Repairs 2 Apr 73 G
5 Jan 72 R
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